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PATTERNMAKING. 

(PART 1.) 



GENERAL CONSIDERATION OF 
PATTERNMAKING. 



IIVTRODUCTORY. 

1. The production of ordinary metal castings, such as 
those of iron or brass, involves three distinct operations. 
First, a form is made very nearly like that required in the 
casting. This form is made of wood or some other easily 
shaped material, and is called the pattern. Next, from 
this pattern a mold is made in sand or in some other sub- 
stance that is refractory enough to withstand the action of 
molten metal. Lastly, the metal is melted and poured into 
this mold. Each of these operations requires special skill, 
and has given rise to a special trade, though the latter 
two — the molding and founding — are often performed by 
the same person. 

These operations are sometimes so intricate and admit of 
so much variety that the above statements are true only in 
the main. The molder may make his own pattern out of 
clay, or, if it should be necessary to use it a large number of 
times, he will make it of some hard metal; or he may make 
the mold itself, or a portion of it, of metal ; and so on through 
a multiplicity of changes that are constantly occurring 
where a business is made of producing a variety of castings. 

§ 31 
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2 PATTERNMAKING. § 31 

Nevertheless, the main facts hold true, and the pattern- 
maker is understood to be a wood worker, and the molder is 
one that makes the molds only, while the founder has 
charge of the furnace and melts the metals. 

In the first of these operations, that of the patternmaker, 
there is needed a fair degree of skill in the arts of cabinet- 
making and of wood turning, for patternmaking consists 
largely of fitting joints and making circular forms; conse- 
quently, the patternmaker must be familiar with the use of 
the tools of these trades. 



PATTERNS AND CORE BOXES. 



PATTERNS. 

■ 

2. Definition of Pattern. — So-called patterns are 
often not actual patterns of required castings, therefore the 
following may be accepted as a definition of a pattern : 

In connection zvith the foundry -and machinery business^ a 
pattern is understood to be a form by the use of wJiich a mold 
may be made. 

3* Materials Used in Patternmalcinij:. — A pattern 
is usually made of wood, metal, rubber, or plaster. By far 
the most common are the wooden patterns because of the 
comparative cheapness of this material, the ease with which 
it may be given required shapes," its lightness, firmness, and 
the possibility of preparing its surface to withstand the 
action of the moist sand in the mold. The use of wood in 
making patterns is so nearly universal that the pattern- 
maker is always understood to be a wood worker. 

Where patterns are required to preserve their exact shapes 
during constant use, they are made of metal, by first pre- 
paring wooden patterns and finishing the castings obtained 
from these to be used as patterns. In making a wooden 
pattern for an iron pattern, it is necessary to make a dou- 
ble allowance for shrinkage. 
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CORRS AND CORB BOXES. 

4. Meanlns of the Terms Core and Core Box. — 

When hollow castings are wanted, or castings with holes 
through them, it is custom- 
ary to make a pattern of 
such form that it will leave a 
body of sand in the mold 
about which the metal will 
run. The body of sand left 
in the mold forms the desired 
hole or opening, as shown 
at a, Fig. 1. Such a body 
of sand projecting into the 
mold to form an opening in 
a casting is called a core and 

may t)e left by the pattern itself, as shown in Fig. 1, or it 
may be formed in a separate device, called a core box, and 
placed in the mold after the pattern is removed. 

5. Core Boxes. — When it is not possible or when it is 
nvenient to have the cores left by the pattern, they 




Fio. a. 
may be formed in separate devices called core boxes. 
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The core box is considered a part of the pattern, or pat- 
terns, witli which it goes, the pattern and core box together 
forming a set. In Fig. 2 (a) is shown a pattern having 
core prints b and c. The core box for making the necessary 
core is shown in Fig. 2 {b) and the mold with the core in 
place is shown in Fig. 3 (f). It will be noticed that the 
ends of the core prints b and c are made tapered, as shown 
at a, so as to enable them to be withdrawn from the sand 
easily. 

6. Metal Core Boxes. — When a large number of 

standard cores of the same size are required, as, for instance, 
the small cylindrical cores used in making holes through 



the hubs of pulleys, and in similar work, metal core boxes 
are employed, which may be purchased from supply houses. 
These are of standard sizes and are made of iron or brass. 
One form of metal core 
box is shown in Fig. 3. 
At a both portions of 
the core box are shown 
together, while at b one 
half of the box is shown, 
illustrating the manner 
m which the halves are 
i "" " J med together by means 
long tongues and 




7. Partial Core 

Boxes. — Very often in 
the case of symmetrical 

cores, the box is made 
for a portion of tJie core 
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only. In the case of cylindrical cores, only half boxes need 
be made, and two of the cores from such a box may be 
pasted together, as shown in Fig. 4 {a). Fig. 4 {b) shows 
the box in which the half cores were made. 

This same principle may be used in the case of very 
heavy work, as, for instance, the rims of flywheels, which 
may be formed by placing large cores in the mold. In fact, 
sometimes a symmetrical mold like a flywheel is built up 
almost entirely from cores. 

Core boxes require as great care in their manufacture as 
patterns, and as much thought must be given to their 
shape, durability, and finish. The shape of the pattern is 
nearly like that of the required casting, except that it may 
have no holes in it. The openings in the core box resem- 
ble the openings in the casting. 

8. Use of Burning: Irons. — Where small holes are 
required in patterns that are intended to form their own 
cores, they are frequently formed by means of burning 
irons. This is resorted to especially in the case of small 
vertical cores. The burning irons are round or square, 
according to the shape of the hole desired, and are given 
a great deal of taper lengthwise, about 1 inch in 9 inches. 
They should be finished evenly on their surfaces and not 
heated above a cherry red when in use. 



CORB PRINTS. 

9* General Consideration. — When the cores are 
made in boxes and inserted in the mold, it is necessary that 
they should be supported in such a manner that there will 
be no chance for a change of position during the time the 
mold is being filled with the molten metal. To give the 
cores this support, special recesses are made in the mold to 
receive them. These recesses are made by attaching pieces 
called core prints to the pattern, as shown at a and d, 
Fig. 5 (a). 



6 PATTERNMAKING. § 31 

lO. Core prints are usually colored differently from 
the rest of the pattern so that the molder may easily dis- 
tinguish where the cores are to be placed. As cores are 
always a source of more or less trouble in a mold, the print 
should be made of such a shape and size as will give the 
least inconvenience to the molder. The core should exactly 
fill the recess left by the print, and the core print should be 
of such a size that the recess left in the sand will not be 
crushed out of shape by the weight of the core or the action 



of the molten metal. Core prints should be tapered, so that 
the trouble of withdrawing the pattern from the sand may 
not be increased by their presence, and also that a core 
may be easily adjusted in place. Prints for vertical cores 
should be tapered in their length, and some patternmakers 
prefer to give the most taper to the upper core print, as 
shown at a. Fig. 5 {a). In Fig. 5 (i) is shown a mold 
made by the pattern illustrated in Fig. 5 (a). The ends of 
the core c fit in the recesses left by the core print, as shown 
at rt and d. Some patternmakers make the lower print 
almost parallel and of the same diameter as the core, so 
that different lengths of core can be made in the same box. 

11. Standard Core Prints and Hubs.— It is always 
best to adopt a standard system for core prints, especially for 
those intended for vertical cores. These core prints may 
be turned up in pairs, having small projections on them 
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that act as dowel-pins to locate them correctly in the 
hubs. Fig. 6 illustrates a set of core prints ranging from 
^ inch to 2 inches in diameter at the large end, and all 
having -j3j-inch pins for locating them. 
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Fig. 6. 



In like manner, the hubs required on pulleys and gears 
should be reduced to a standard, and Fig. 7 shows four 
standard hubs arranged according to such a system. It will 

be noticed that each hub has a ^\-^^^^ ^^^^ ^^ ^^^ f^^^ ^^ 
receive the pin on the core print, while on the opposite face 
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Fig. 7. 



there is a 1-inch pin that fits into the pattern and locates 
the hub. By adopting such a series of standards as this, it 
is very easy to change the size of hub or core in gears or 
pulleys within quite a wide range, and thus make the reg- 
ular patterns that the shop may have available for a much 
wider range. 
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12. Special Core Prints. — Very often the shape of 
the core print is changed to fit some condition in the mold- 
ing; as, for instance, in Fig. 8, a illustrates a required cast- 
ing in which the core is some distance from either face. 
In order to support the ends of the core, the prints are 
made of a special form, as shown on the pattern at d. It 




will be noticed that the prints have been carried to the 
upper face rof the pattern. The core is made in a special 
core box, so that it has end projections, or lugs, that will fit 
the special prints formed. The completed core is shown 
at d, and at c the core is shown in place in the mold. 

At other times, it becomes necessary to introduce a core 
that does not pass entirely through the work, and that 



7 
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might have a tendency to fall down in the mold. A pat- 
tern for such a piece is shown in Fig. 9. The core print a 
is made long so that when 
the core is in place, a little 
more than half of it will 
rest in the portion of the 
mold formed by the print. 
By having the core print fig. 9. 

a very little smaller in diameter than the core, the mold 
will pinch the core and hold it so firmly that there is no 
danger of its slipping out into the mold. 




MATERIALS EMPLOYED IN PATTERN- 
MAKING. 



WOOD. 

13* Relation Bet i^een Number of Castlnss and 
Character of Pattern. — The cost of a pattern or the 
amount of work bestowed on it should depend on the 
number of castings to be made. When but one casting is 
wanted and the pattern is not likely to be required again, 
the pattern or device required for making the mold should 
be as inexpensive as possible, both as regards labor and 
material. To fulfil this requirement, skeleton patterns, or 
part patterns in the case of symmetrical work, are very 
largely used, and these will be described in detail later. 

Standard patterns, or those that are often used, should be 
made with great care, always having in mind that the cost 
of the casting depends as much on the pattern as on the 
work of the molder. If the molder must patch up each 
mold on account of the fault of a cheaply made pattern, 
it would pay to destroy such a pattern and make a better 
one, if there were no other remedy for the trouble. 

14. General Characteristics of W^ood. — For pat- 
tern making, clear, dry, white pine has generally been found 
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to be the most suitable material. Occasionally, when a large 
number of castings is required from a small pattern, it is 
made of hard wood, such as mahogany or cherry. 

One of the difficulties with which wood workers have to 

contend is the change in shape due to the warping and 

shrinking of the wood. As pine is the 

chief material used forpatternmaking, 

a brief study of its nature and the 

reasons for its warping is here taken 

up. Fig. 10 illustrates a section of a 

log. It will be noticed that the end 

grain shows a series of concentric 

Fio. 10. rings. The number of these rings 

corresponds approximately to the number of years that the 

tree has lived. Running at right angles to these rings are 

other lines commonly called medullary, or sih-cr, rays. All 

logs are also composed of two parts, called the sap-'zi'ood and 

the heart-wood. The sap-wood is the more recent growth 

and forms a comparatively thin layer at the outside of the 

log. It is usually not so firm as the heart-wood, but is 

more liable to change its shape and to decay, hence its use 

should be avoided whenever possible. 

15. Microscopic Suction of Wood.— Fig. 11 illus- 
trates a microscopic section of pine wood magnified seventy- 
six times. The dark line of cells from b \<i c indicates the 
line between two of the concentric rings of the tree. In 
the portion bdc, it will be noticed that the cells are large 
and open. This represents the summer growth. In the 
portion bcfe, the cells are small and close. This portion 
represents the fall and winter growth, while the portion 
efg represents the spring and summer growth. The large 
opening at n is a resin duct. The small spaces enclosed by 
the cell walls are filled principally with water, which must 
be almost entirely driven out before the wood is fit to u.se 
in making patterns. As the water leaves the wood, the cell 
walls shrivel slowly and the wood as a whole shrinks, this 
shrinkage taking place mostly across the grain of the wood. 
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Thu amount of shrinkage along the grain is so small that it 
need not be considered. This driving out of the moisture 
and the consequent 
shrinkage of the wood 
is called seasoning. 

1 6< Seasoning 

Wood. — Wood ill- 
tended for pattern- 
making should be 
well seasoned; that 
is, it should be kiln- 
dried, or kept from 
one to two years be- 
fore using, accord- 
ing to the thickness 
of the pieces. This 

siderably in prevent- 
ing a piece of wood from warping, but though this pre- 
caution be taken and the wood well seasoned, unless it is 
coated with some protecting agent, it will still be subject 
to change, owing to atmospheric changes, for it will absorb 
moisture in damp 
weather and give it 
up in warm and dry 
weather. 

17. Laws Gov- 
ernlntc WarplnR 
and CracklnE of 
Wood.— The work- 
''■' ''*■' man has little con- 

^^°- "■ trol over the shrink- 

ing and swelling of wood that is unprotected; but there are 
certain conditions that tend to warp a piece from its orig- 
inal shape, a study of which will enable the patternmaker 
to overcome the difficulties to a considerable extent. As 
has already been stated, Fig. 10 represents a cross-section of 

r^y. Vol. iV.-2. 
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a log of wood showing the annular rings. If the tree is cut 
when the microscopic cells shown in Fig. 11 are full of sap 
or moisture and is then allowed to dry, it is probable that 
the log will split from the outside toward the center, as 
shown in Fig. 12 (a). It will be noticed that this cracking 
takes place across the annular rings, but parallel to the 
medullary rays, and it may be stated that this is true in 
practically all cases. 

18. If a board were to be sawed very near the heart of a 
log, as shown at a d, Fig. 10, it would not have a great tend- 
ency to warp, but would remain approxi- 
mately straight, as shown at ^, Fig. 13, 

h ^tms^^ ^ ^^ - j^jfiAMiM while if a board were sawed from the log 

^^^^^^^ at some distance from the heart, or cen- 

eifT'-'iiirrtifTf nK JIM ..uii ^^gj., of the log, as shown at c d. Fig. 10, 

^^°' **• it would have a tendency to warp, as 

shown at d. Fig. 13; that is, the wood would draw together 
at right angles to the medullary rays, thus throwing up the 
outer corners. By taking advantage of this fact and select- 
ing lumber from comparatively near the heart, the tendency 
to warp can be reduced. 

19. Quarter-Sawing. — In order to reduce the tend- 
ency to warp by having the boards practically all sawed at 
nearly right angles to the annular rings, quarter-sai^ins 
is sometimes resorted to. In this case a log is sawed into 
four pieces, as indicated by the lines d c and a d. Fig. 12 {b). 
Each piece is then laid back down and sawed into boards, as 
indicated by the lines in the quarter between a and b. This 
method is wasteful in lumber, but reduces warping to a 
minimum and in certain kinds of wood produces very beau- 
tiful results on account of the manner in which it intersects 
the medullary rays. 

20. Gluing as a Means for Overcoming Changes 
of Shape. — The tendency of lumber to warp can be par- 
tially overcome by properly gluing the pieces. For instance, 
the plank shown at ^, Fig. 13, could be sawed into pieces as 
shown at ^, the adjacent pieces laid in opposite directions 





Fig. 14. 
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and glued together, as shown. This would reduce the total 
tendency to warp to a minimum by causing the adjacent 
pieces to warp in opposite directions and within compara- 
tively narrow limits. Sometimes a large solid piece that 
will not warp is needed in patternmaking. Of course, it is 
absolutely impossible 
to get one that will not 
warp at all, but by 
gluing several planks 
together, as shown in 
Fig. 14 {a), this tend- 
ency is greatly reduced. It will be noticed that the boards 
or planks have been laid in reversed directions, that is, 
so that one board will have a tendency to warp toward 
the other. It is not, as a rule, good practice to lay the 
planks together in such a manner that the grain of one piece 
is at right angles to that of the other, as shown in Fig. 14 (b), 
for when this is done, the pieces a and d will shrink in such 
a way as to leave the ends of c and d projecting on the sides 
of the piece, while at the front and back ends the pieces a and d 
will project. In other words, each plank would shrink the 
most across its grain and it would be practically impossible 
to keep the surface of the block smooth. Of course, this 
tendency is largely overcome by covering the pattern with 
a coat of paint or varnish. 



METAL AND OTHER MATERIALS USED FOR 

MAKING PATTERNS. 

21. Special Patterns. — Special patterns are often 
made of iron, brass, white metal, and aluminum. With a few 
exceptions, original patterns are all made of wood. Orna- 
mental work and statuary are usually modeled in wax or clay. 

Rubber patterns are made from vulcanized india rubber. 
These may be prepared by first taking enough sulphur to 
equal 15 per cent, of the weight of the rubber and dissolv- 
ing it in oil of turpentine and then dissolving the rubber in 
this mixture and allowing the oil to evaporate. After the 
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oil has evaporated, the mixture of sulphur and rubber may 
be pressed into molds made of metal or plaster and vulcan- 
ized by submitting it to the action of steam at a temperature 
of 280° F., or, as it is usually done, putting it in a closed 
vessel and admitting steam at a pressure of about 50 pounds 
or a little more. If the temperature is increased (by in- 
creasing the steam pressure), the pattern may be made 
harder. These patterns are especially adapted to light 
match-board work, the objection to them being the trouble 
of making them. 

SANDPAPER. 

22. Sandpaper is composed, as its name implies, of 
sharp sand (quartz or garnet) glued on paper. It can be 
had in rolls or sheets, the most convenient size for pattern- 
making being the sheets, 9 inches by 11 inches. In pattern- 
making, sandpaper should be used with great care; the pat- 
terns should be formed as nearly to shape and size and fin- 
ished as accurately as possible with the tools, sandpaper 
being used only for giving a finish, as otherwise the draft 
and accuracy of the pattern may be destroyed. The kind 
of pattern determines the fineness of the sandpaper to be 
used and character of finish required; usually from No. 00 
to No. H are the grades employed in this class of work. 
Under no circumstances should sandpaper be used for cut- 
ting down or removing any considerable amount of stock, 
or for doing anything that may be done with tools. 



FASTENINGS USED IN PATTERN- 
MAKING. 



METAL FASTENINGS. 

23. NailH. — The nails most commonly used in pat- 
ternmaking are the bung-head steel-wire nails, as they have 
less tendency to split the wood than the tapered cut nails. 
The sizes of nails to be kept in stock in a pattern shop do- 
ing a general class of work are as follows: No. 20, f inch, 
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i inch, f inch ; No. 18, J inch, | inch, 1 inch ; No. 16, 1 J inches, 
li inches; No. 14, 2 inches; No. 12, 2 J inches; No. 11, 3 inches. 
The nails should be kept separate and in good order, as 
this saves much time. Every patternmaker should have a 
nail box with compartments for the various sizes, for, if they 
become mixed, much valuable time will be lost in searching 
for the required size. 

SCREWS. 

24. Owing to the necessity for hammering patterns 
when drawing them from the sand, it is always best to use 
screws instead of nails in securing the parts of a pattern. 
The use of screws also facilitates the altering of patterns 
whenever it becomes necessary. The sizes of screws re- 
quired in general pattern work are as follows: No. 5, 
i inch, J inch, 1 inch; No. 8, f inch, 1 inch, H inches; 
No. 10, 1 inch, IJ inches, 1^ inches; No. 12, H inches, 
IJ inches, 2 inches, 2^ inches; No. IG, 2|- inches, 3 inches, 
3J inches, 4 inches. 

The .screws should be kept in drawers, or in a case having 
proper compartments, and each size should be labeled. It 
will be noticed that the numbers designating the sizes of 
the nails run in a direction opposite to those designating 
the sizes of the screws; i. e., the larger the nail is in diam- 
eter, the smaller is the number by which it is designated, 
while, with screws, the larger the diameter of the screw, the 
larger is the number that designates it. 



ADHESIVE FASTENINGS AND PROTECTIVE 

COATINGS. 



GLUB. 

25. Character of Glue. — In patternmaking, slue is 
usually dei)ended on for adhesive fastening, though at times 
small parts or fillets may be secured by means of varnish. 
Much depends on the character of the glue used in pattern- 
making, because many patterns cannot be nailed or screwed, 
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and, as they must be held together while being subjected to 
the action of damp sand, it is essential that only first-class 
glue be employed. There are many qualities of glue on the 
market, including liquid, pulverized, and sheet. The liquid 
glue is good in quality and very handy for small work, as it 
is always ready for use. The sheet, or flake form, dissolved 
and used hot is, however, preferred for general work. Ani- 
mal glue is the best; it comes in thin sheets and is the most 
expensive. As a rule, the best quality of glue is of amber 
color, and the flakes are rather thin. Glue should be soaked 
in cold water before placing it in the glue pot, but the soak- 
ing should never be continued for a great length of time, as 
this injures the quality. Glue is strongest when freshly 
prepared, and, if of good quality, may be drawn out into 
very thin threads. As a rule, the harder the glue, the 
better it will resist moisture. 

26. Glue Pot — Glue should be used while hot, and 
that it may be kept in this condition without danger of 
burning, some form of glue pot becomes a necessity. The 
glue pot is usually water-jacketed; that is, it is surrounded 
with hot water. Fig. 15 shows a very common and handy 



device. The two glue pots c and (^ are so supported that 
they rest in a bath of hot water in a vessel e, A very small 
stream of steam is introduced through the pipe a and the 
condensed water gradually escapes through the pipe h. 
This device keeps the glue constantly warm and ready for 
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27. Glue Brusties. — Glue is usually applied with an 
ordinary paint brush, though in cases where a patternmaker 
can obtain pieces of basswood bark, he can make his own 
slue brusties very cheaply. The desired form is cut out 
of the basswood bark; the brush end is then soaked in hot 
water and hammered until it becomes soft. Owing to the 
fibrous nature of the basswood bark, it makes a very soft 
and fine brush, but these brushes are usually rather short- 
lived. 

• 

28. Precautions Necessary In Gluing. — In gluing 
two pieces together, the hot glue should be thin enough to 
spread easily ; and if the surfaces to be glued are hot or 
warm, a better joint may be obtained. Before applying 
glue to any surface, the latter should be wiped clean of any 
dust. This is especially true in the case of surfaces that 
have been prepared by sandpaper, for, in this case, the 
dust has probably been rubbed into the pores of the wood 
and so would not allow the entrance of the glue into these 
pores. 

When the end grain of wood must be glued, it is best to 
give the material a sizing coat first. That is, the end of 
the grain is coated with glue to fill the openings among the 
fibers. After the glue has dried, the surfaces are given 
another coat and are then united. If this is not done, the 
open grain of the end is liable to absorb the glue so rapidly 
as to weaken the joint. Immediately after the glue is put 
on any pieces that are to be glued together, they should be 
pressed firmly together with clamps and held in this manner 
while the glue is setting. Plenty of time should be given 
for the glue to set ; in most cases, 10 to 12 hours in a dry 
place is sufficient. 



PATTERN VARNISH. 

29« General Consideration of Pattern Var- 
nishes. — All wooden patterns should be covered with some 
protective coating so as to prevent warping and cracking 
from the influence of the moist sand in the mold, and to 
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prevent the glued joints from coming apart. This protect- 
ive coating is also made of such a nature that it is not 
affected by moisture and insures a smooth surface that draws 
easily from the sand. In practice, there are two general 
classes of pattern varnishes. The first is composed of 
shellac^ with or without some coloring ingredient. The sec- 
ond comprises the better grades of copal varnishes^ which 
may also be colored. By changing the color of the varnish 
used for this protective coating, it is possible to distinguish 
between core prints and the main body of the pattern, and 
also between patterns for different purposes; as, for in- 
stance, patterns for brass, iron, steel castings, etc. 

30. Yelloi^ Sbiellac Varnish. — Shellac varnish is the 
most common protective coating used for patterns. It is 
made by dissolving gum shellac in alcohol. The orange 
shellac, which comes in thin plates, is employed for this 
purpose, the white shellac being more expensive and not as 
well suited to the work of the patternmaker. The shellac 
varnish is commonly called yelloiv varnish. 

Gum shellac may be dissolved either in wood (methyl) 
alcohol, or \n grain (ethyl) alcohol. The grade of shellac 
used should be good, as it is not economy to buy cheap 
material for this purpose, on account of the fact that it will 
not stand up to the work as long as a better grade. Care 
should be taken not to use mixed wood and grain alcohol 
with shellac, as it will form a varnish that does not dry 
quickly and is more easily affected by moisture. 

31. Frequently, yellow varnish changes to a muddy 
color by leaving the cover off the varnish pot, or from other 
causes. Such varnish may be restored by stirring a little 
powdered oxalic acid into it. 

Note. — Varnish that has been cleared by the use of oxalic acid should 
never be used on a cut finger, as it is poisonous; in fact, the use of 
shellac as a protective covering on cuts and bruises is always more or 
less dangerous, for, while the alcohol kills the germs, the varnish is 
liable to have foreign substances in it that may be introduced into 
a wound and Ihus cause blood poisoning. Wood alcohol is always 
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poisonous if taken into the system. For these reasons, it is best to 
prohibit entirely the use of shellac for this purpose. 

32. Black Sliellac Varnlsli. — Black shellac varnish 
may be made by adding lampblack to the yellow shellac. The 
lampblack employed should be of the finest quality and free 
from grit. The quality may be tested by rubbing a little of 
the material between the thumb and finger, when no grit 
whatever should be felt. A better grade of black varnish 
may be made by dissolving black aniline in shellac. Only 
the brand of aniline soluble in alcohol can be used. 

33. Red Sliellac Varnish. — This varnish may be 
made by adding red powder, usually Indian red, to yellow 
shellac. The use of either lampblack or red powder in 
shellac seems to give it abetter body and greater durability. 

34. Copal Varnislie». — Copal varnish is very much 
like shellac in color, though it usually has a slightly greater 
luster. The objection to copal varnish is that it is very 
slow in drying, compared with the shellac varnishes pre- 
pared with alcohol. Black and red varnishes may be made 
from yellow copal varnish by adding lampblack or red 
powder. Where there is plenty of time available in the 
making of patterns, and the patterns are to undergo hard 
service, it is best to employ the better grades of copal var- 
nish, for, while it is slightly more expensive and takes longer 
to dry, it is very much more durable and will outlast several 
coats of shellac. 

35. Application of Varnisli. — In applying the var- 
nish, the pattern should be wiped clean and free from dust. 
This is especially necessary if the surface has been finished 
by sandpapering. The first coat of varnish should be a lib- 
eral one, applied smoothly, and allowed to soak well into the 
pattern. When the varnish is thoroughly dry, the pattern 
will feel rough to the touch on account of the fact that the 
varnish has hardened any projecting particles or loose grains 
of the wood. The first coat of varnish should be rubbed 
smooth with a well-worn piece of fine sandpaper, care being 
taken not to disturb the general surface any more than is 
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possible. The pattern should then be wiped free from dust 
and given another coat of varnish, the second coat being 
lighter than the first. After the second coat is dry, the 
pattern is again rubbed down and given another coat, this 
process being repeated until the desired surface is obtained, 
or until sufficient coating has been applied to render the 
pattern impervious to moisture. With yellow shellac var- 
nish, three coats are usually enough. Several thin coats 
are better than a small number of thick coats, but, of course, 
the use of thin coats requires more labor. 

36. When patterns become rough from use in the 
foundry, they should be cleaned and varnished, for if the 
pattern is smooth and well finished, it will give the molder 
but little trouble, and, hence, will not receive such hard 
usage. If the pattern is rough, the molder must rap and 
jar it a great deal in order to insure its drawing properly, 
and this treatment frequently injures it. 

37. Varnisli Bru»liea and Varnisli Cans. — Pattern 
varnish can be best applied with a fine flat bristle brush. 

A new brush should be kept in alco- 
hol some time before using, and when 
the brush is not in use, it should be 
kept either in the varnish or in alco- 
hol. Yellow varnish is usually best 
kept in an earthenware jar or mug, 
on account of the fact that metal will 
discolor it. 

Fig. 16 illustrates a very handy 
form of can for keeping black var- 
nish. The can proper is made double, 
the varnish being kept in the inner portion ^, while the 
annular space a is partially filled with water. The cover c 
fits into the water space, thus sealing the varnish air- 
tight and yet removing all danger of the cover sticking 
to the varnish pot. The brush is kept suspended by means 
of a hook on a rod d^ the rod being also useful for cleaning 
the brush. 
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FILLETS. 
38. Necessity for Round Corners In Caatlnffs. — 

Sharp corners, whether inside or outside of a pattern, should 
be avoided, and whenever there is nothing to interfere, 
all corners should be rounded. Sharp corners on the inside 
of a pattern form sharp corners of sand when mold- 
ing, and these give the molder a great deal of trouble. 
Sharp corners, as a rule, detract greatly from the appear- 
ance of a casting, and also injure its strength. This weak- 
ness due to sharp corners is shown by the three illustrations 
in Fig. 17. At {a) is represented a casting having a sharp 




corner. As the iron hardens, the crystals seem to form in 
such a manner that their lines of strength are perpendicular 
to the faces, as indicated by the lines in Fig. 17 («). This 
will leave an open space, or a space of irregular crystalliza- 
tion, at e, and the casting is liable to break along the line tif. 
To overcome this, a fillet is usually placed on the inner 
corner, as shown at Fig, 17 {i), ad being the fillet. The 
outside corner of the pattern is also rounded, as shown. 
Pig. 17 (c) shows a casting from a pattern having a care- 
fully rounded corner, and it will be noticed that there is 
no open space of irregular crystallization as occurred at c, 
Fig. 17 {«). 

39. A good illustration of the faulty results that may 
arise from sharp corners is shown in the two cylinders rep- 
resented in Fig. 18. The one at {a) was cast with sharp 
corners and a square bottom. If pressure is brought upon 
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the interior of the cylinder, the head h will be forced out, 
as shown in the illustration, the break occurring along the 
lines rfc and/"^. If the cylinder had been cast, as shown 
in Fig. 18 (i), with a round end, one portion of it would be 
as liable to break as another, 

(and, in fact, the end would be 
the strongest part of the cylin- 
der. Fillets for patterns may 
be made of leather, wood, metal, 
wax, or any suitable material 
that can be worked into the de- 
- ■ sired form. 

40. Wooden Fillets.— 

Wooden iillets are usually em- 
ployed only in straight corners, 
and it is often better to glue a 
square or triangular strip in 
place and hollow it to the de- 
sired curve after the giue is 
'* dry. The advantage of this 

that thin edges are not so liable to curl up as 
t is attempted to glue a wooden fillet of the 




procedu 
they are if it 
desired shape 






41. Leather Fillets. — Leather makes the best ma- 
terial for fillets on account of the fact that such fillets can 
be applied to any 
form of corner, no 
matter whether 
straight or curved, 
or no matter how 
irregular the curve 

may be ; also, the '' 

leather is light, durable, and neat, L 
made by cutting shavings from leathei 
form shown in Fig. 19, but it is best to buy the fillets 
ready cut from some firm that makes a business of supply- 
ing them, on account of the fact that a much more uniform 




eather fillets may be 
with a plane of the 
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product may be obtained. Fig. 20 shows a set of such stand- 
ard leather fillets. 

42. Wax Fillets. — Beeswax is used for making small 
fillets, but much of the beeswax of commerce is so adulter- 
ated with tallow that it is difficult to obtain a satisfac- 
tory grade. It is also used for filling nail holes, etc. A 
good substitute for beeswax is made by mixing whiting. 




Pig. 20. 

resin, and linseed oil with beeswax in the following propor- 
tions: 1 pint of linseed oil, 4 pounds of beeswax, 4 pounds 
of whiting, and ^ pound of resin. This mixture should be 
made in a pot similar to a glue pot, and should be used 
when warm, as it becomes hard when cold. Nail holes in 
patterns are sometimes filled with common putty, which is 
a mixture of whiting and linseed oil. 

43. Wax is also used for coating iron patterns to pre- 
vent their rusting, and to allow them to be drawn from the 
mold easily. To apply wax to an iron pattern, the pattern 
is first polished and then washed with a dilute solution of 
sal ammoniac, which will coat it with rust? The pattern is 
then warmed until it will melt the wax, and the wax rubbed 
over it. It is usually best to brush the hot wax with a soft 
brush so as to distribute it evenly. 

44, Metal Fillets. — Metal fillets of a form similar to 
the leather fillets shown in Fig. 20 have been made and are 
on the market, but in the case of patterns that are to 
receive rough usage, they are not usually successful, owing 
to the fact that the rapping of the pattern jars the fillet 
loose, the metal stretching and hanging loosely on the nails, 
or other fastenings. 
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DOWELS. 

45. Wooden Donrels. — Wood is the material most 
commonly employed for making dowel-pins, which are 
intended to keep 
the separate por- 
tions of patterns 
or core boxes in 
their proper re- 
lation to one an- 
other. The wood 
for this purpose is 
placed on the 
market in sticks 
of the required 
diameter, and all 
that the pattern- 
and cut it to the 




Fig. 31. 



maker has to do is to point the dowel 
right length. The objections to wooden dowels are that the 
dowel-pins swell on exposure to moisture and, also, the holes 
in which they fit may close in owing to moisture. This 
causes trouble in the foundry, and to 
overcome it, the molder often whittles 
the point down too small or makes the 
hole too large, thus allowing the pat- 
tern to shift sidewise. 

46. Metal Do-wels. — To over- 
come the difficulties arising from 
wooden dowels, various forms of metal 
dowels have been brought out. Brass 
dowels seem to give the greatest satis- 
faction, on account of the fact that 
they do not rust. Fig. 21 illustrates 
a set of solid brass dowels turned from 
bars and intended simply to be drivi 
the pattern. Fig. 22 illustrates a similar set of brass dowels 
in which the points are made of smaller material than the 
sockets into which they are to fit. Either one of these forms 




1 into holes drilled in 
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is very satisfactory for light work on small patterns. Pig, 23 
illustrates a dowel pressed from sheet brass and intended for 
screwing to the face of a pattern. These are for use on 
medium-sized work. Fig, 34 illustrates a cast-iron dowel 
and plate intended for use on large or heavy patterns. The 
methods of inserting these dowels in the patterns will be 




Flo. 3». Fig. 34. 

considered later. One great advantage in the use of any 
regular system of dowels is that it insures uniformity, and 
it is possible to replace a lost pin or socket without any 
difficulty, while in some cases, one part of a pattern may 
be made to serve with several other patterns by simply 
arranging it so that it may be dowelsd to any one of them. 



PROVISION FOR RAPPING AND DRAWING PATTERNS. 

47. Rapping and Drawlns Plates and Rods. — 

To aid in the rapping and withdrawing of a pattern from 
the sand, it should be fitted with iron or steel plates. These 




plates are sunk into the pattern, and are provided with suit- 
able holes for rapping and lifting the pattern. 
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In the case of large patterns, two or more holes are pro- 
vided in each plate. One is usually threaded to receive a 
draw-rod similar to that shown in Fig. 25 (^), and the other 
hole or holes are used for inserting pins by means of which 
to rap or shake the pattern so as to loosen it in the sand. 
Sometimes the lifting plates and the rapping plates are 
made separate, and, in the case of very large patterns, the 
rapping plates may be of considerable size so that a sledge 
or heavy mallet may be used on them. Such large plates 
should be made of wrought iron or steel. 

48. Sometimes, to avoid the difficulty arising from the 
use of screw threads, lifting plates similar to those shown 
in Fig. 25 {6) are employed. The lifting rod has a key on 
the end, which is inserted into a slot in the plate and then 
given a quarter turn before lifting the pattern. Fig. 20 
illustrates two forms of rapping plates, both of which can be 
let into the pattern entirely by boring. In the case of 





Fig. 26. 

Fig. 26 (a), four small holes are bored to receive the ears 
that carry the screws, and then one large hole, cutting away 
about half of the previously bored holes, is drilled with an 
expansion bit to receive the balance of the plate. In 
Fig. 26 {b)y there are only three ears carrying the screw 
holes. In both views, a represents the hole intended for 
the rapping pin and b the thread hole for the lifting rod. 

When using plates of the form shown in Fig. 26, it is a 
good idea to take a blank plate of the exact outline of the 
one used and insert pins opposite the center of each circle. 
These pins are sharpened and allowed to project about 
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^ inch. By placing this plate upon the pattern and giving 
it a rap with a hammer, the pins will mark the centers of 
the holes that must be bored to locate the plate. 

The location of rapping and drawing plates should be 
made a matter of considerable study; for, when the pat- 
tern is supported by the drawing irons, it should be well 
balanced, and usually the most effective rapping can be 
done from a point over the center of gravity of the pattern. 

49. Draw^-Nail. — When rapping and drawing plates 
are not used, as in the case of small patterns, the molder 
usually drives a small, sharp spike into the pattern for use 
in loosening the pattern by rapping against it; and, also, for 
drawing the pattern from the mold. The use of a draiv- 
nall tends to destroy the pattern and should only be used 
when a comparatively small number of castings are required 
from a rather small pattern. 



PATTERN L.BTTBRS AND FIGURES. 

50. Letters Made From Soft Alloys. — In order to 
enable the manufacturer to keep track of the castings and 
patterns, it is common to place certain letters and figures 
on them ; these may be recorded, and serve to designate the 
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Fig. 27. 
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different pieces. Letters are also used for placing the man- 
ufacturer's name on patterns for advertising purposes. The 
letters most commonly used for this purpose are made from 
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an alloy of lead and tin, and the sides of the letters are 
given plenty of draft. The styles of letters most commonly 
employed are Roman and sharp Gothic. The thickness of 
the letter depends, to a considerable extent, on the size. 
Fig. 27 {a) shows examples of several sizes of Roman letters 
and figures. Fig. 27 {d) shows the ordinary sharp Gothic 
letters, while Fig. 27 (c) illustrates the hair-line sharp 
Gothic. These letters are often used in making name 
plates to be fastened to castings. 

51. The Roman style of letters is best suited for adver- 
tising purposes on castings, as the tops of the letters have a 
larger area than the Gothic and so present a better appear- 
ance when polished. The sharp Gothic letters are best for 
marking patterns for the purpose of recording and ordering 
castings, on account of the fact that their sharp beveled 
sides have a larger amount of draft than the Roman letters, 
and, hence, will leave the sand more freely. 

52. The hair-line Gothic style of letters is employed 
for making the letters on the dies used for making stone- 
ware and similar articles on which the letters are to appear 
sunk. The soft-metal letters are not well adapted for use 
on iron patterns, though they are occasionally employed, 
and, in such cases, are usually stuck on with beeswax, 
although it is an unsatisfactory adhesive. The metal letters 
are usually stuck to the wooden patterns by means of varnish. 

53. BrasH Letters. — Brass letters are made both with 
and without pins on their backs. The pins can be driven 
into wooden patterns or riveted to iron patterns, while those 
without pins may be secured to iron patterns by soldering 
or sweating. The process of sweating letters to patterns is 
as follows: The place where the letters are to go should be 
thoroughly cleaned and tinned; the back of the letters 
should also be tinned. The letters are then placed in posi- 
tion and heated either with a hot soldering point or by 
means of a blowpipe. This heat will melt the tinned sur- 
faces together. Sweating on the letters makes a much 
neater job than riveting, and usually takes less time. 
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PATTERNMAKERS' TOOLS. 



HAND TOOLS. 

54. General Consideration of the Subject. — 

Every patternmaker is supposed to provide himself with 
certain tools, and, while many of them are of the same kind 
as those used by other wood workers, there are many others 
especially adapted for patternmaking. The patternmaker's 
kit of tools is probably more varied than that of any other wood 
worker, because of the endless variety of work he has to do. 
Patternmakers themselves differ greatly in their choice of 
tools, as well as in their manner of work; hence, it is im- 
possible to enumerate all the tools that may be used in 
patternmaking. Very often the patternmaker thinks that 
a certain way of executing a piece of work is best, but he 
may not be able to find a tool to suit his purpose, in which 
case he frequently improvises one himself or has it made. 

55« Representative Kit of Patternmakers' Tools 
and Approximate Cost. — The following list of tools 
must not be considered the only ones that can be used for 
the purpose. In several cases, the makers* names have been 
given in connection with the tools mentioned, though in 
most instances there is more than one firm making each 
kind of tool. The costs may vary from time to time on 
account of the condition of the market or the grade of the 
tools, but such a set may ordinarily be obtained for about 
sixty dollars. 

One tool box, 32 inches long, 18 inches wide, 16 inches 
deep, with trays ; one 24-inch 10-point hand saw ; one back 
saw; one 12-inch compass; one iron jack plane; one iron 
jointer plane; one iron smoothing plane; one iron block 
plane; five round planes, as follows. No. 1, ^ inch width, 
and i inch circle, No. 3, I inch, and 1 inch. No. 5, J inch, 
and IJ inches, No. 7, 1 inch, and 2 inches, No. 9, 1^ inches, 
and 2^ inches; three rabbet planes, ^ inch, 1 inch, li^ inches; 
one 2-inch round face boxwood spoke shave; one No. 
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combination India oilstone; one each of No. 14 and No. 22 
combination India oil slips; seven paring chisels with 
shanks of ^-inch, :J^-inch, f-inch, ^-inch, }-inch, 1-inch, 
1^-inch width; nine paring gouges, ^ inch, ^ inch, f inch, 
\ inch, finch, 1 inch, 1^ inches, 1^ inches, 2 inches; one 
2i-inch sloid knife; one No. 19 Adis f-inch carving gouge; 
one No. 28 Adis j^-inch carving gouge; one each of No. 31 
f-inch, i-inch, ^-inch carving gouge; one 12-ounce ball- 
faced claw hammer; one small long-peen hammer; one 
8-inch try square; one carpenters* steel square; one 8-inch 
T bevel; one 12-inch Starrett's combination square and 
center head ; one No. 65 Stanley's boxwood marking gauge ; 
one folding draw knife, 8-inch blade; one 4-inch shingling 
hatchet; one set screwdrivers; one 2-foot folding rule, 
standard; one 2-foot rule, not folding, shrinkage; one 
8-inch wing dividers; one excelsior pencil attachment; one 
5-inch spring dividers; one 5-inch outside calipers; one 5-inch 
inside calipers; one ratchet brace; one set auger bits, 
■^ inch to 1 inch; four twist drills with square shanks, 
^'y inch, f inch, ^ inch, ^ inch; one set adjustable leg 
trammel heads; one malleable-iron oil can; one extension 
bit with two cutters, to bore from J inch to 3 inches; one 
double-cut countersink; one dozen assorted brad awls; two 
3-inch malleable-iron C clamps; one l^-inch turning gouge; 
one f-inch turning gouge; one 1-inch turning chisel, ground 
on both sides; one IJ-inch extra heavy turning chisel, 
ground on one side only; one each l^-inch right-hand and 
left-hand turning chisels, ground on one side only, and on 
the skew ; one nail set ; one 8-inch carpenters' pincers. 

56. Care in Use of Tools. — This paper presupposes 
a knowledge of the uses of the ordinary wood-working tools 
on the part of the student; and, hence, this matter will not 
be taken up in detail, but a few hints concerning the care 
of tools may be of assistance. 

All tools should be kept sharpened and in good order, if 
good work is to be expected of them. This fact cannot be 
too strongly impressed on all that use tools of any kind. 
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57. Wood-Working Tools. — Hand ^wood-worklns 
tools, such as chisels, gouges, etc., are usually ground on a 
grindstone, and finished on an oilstone. Care should be 
taken in grinding not to overheat the edges, so as to draw 
the temper, and in both the grinding and the sharpening on 
the oilstone, attention should be given to the angles at 
which the tools are sharpened so that these are uniform and 
suited to the material being worked. 

58. Doffs and Driving Plates. — Where two piecesof 
wood are to be fastened together, dogs similar to that 
shown at a. Fig. 28, are frequently employed, which are 
driven into the end of the grain as indicated by the dotted 



lines at (; n shows the general shape of the side of the dog, 
and b the back face. Such dogs as this should be kept on 
hand in a variety of sizes, and used in securing the parts of 
sectional patterns temporarily in place while they are being 
operated on, 

59. When patterns are to be turned, metal plates are 
sometimes screwed to the pieces in place of dogs, and if 
the pieces are large and 
heavy, the centers on 
which the work is to be 
turned may be formed 
in the plate, as shown in 
Fig. 29, a being the plate 
screwed to the end of 
the pattern in such a 

to join the pw. ». 
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halves b and c together. In this case, a portion of the 
plate has been bent to form the driver r, which engages 
the slot f of the lathe face plate and serves as a driver 
for rotating the work, which is supported on a center //, 
which enters the hole g^ in the plate. These dogs and plates 
are usually not furnished by the patternmaker himself, but 
belong to the pattern shop. 



SHOP TOOLS AND MACHINES. 

60. General Consideration of Subject. — The 

variety and size of tools used in any pattern shop will de- 
pend on the amount of work being done and the character 
of the patterns being made. In the case of small pattern 
shops, comparatively few tools are required, while in large 
ones, and especially those doing heavy work, it is more 
economical to have a large number of machines. Only the 
machines necessary for patternmaking will be considered 
here. Those required for cutting down, ripping, and re- 
sawing stock, and preparing it for patternmaking will not 
be taken up in this connection, though in some cases large 
pattern shops are provided with such machinery. 



SAWING MACHINES. 

61. Universal Circular-Saw^ Bench. — All pattern 
shops should be provided with one or more circular saws. 
For general pattern work, the machine shown in Fig. 30 is 
probably as good as there is on the market. It consists of 
a heavy cast-iron frame, or base, /, which carries a stationary 
table J and a movable, or sliding, table k. There are two 
saws mounted on parallel arbors and so arranged that either 
of them can be brought above the table, and, also, so that 
the depth of cut or amount of saw exposed can be controlled. 
The ripping saw is shown at a and the cross-cutting saw 
at b. The hand wheel c on the front of the machine, Fig. 30, 
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controls the worm h and gear g shown in Fig. 31, and by 
this means serves to rotate the frame carrying the two saws 
and to bring either to the top. The portion of the table k is 
so arranged that it slides on guides, the weight being car- 
ried on rollers. 

The sliding portion k is fitted with a cutting-off gauge ^, 
which can be set at any angle, so as to cut the stock at right 
angles or to any desired bevel. The gauge is held on the 
table by means of taper pins and an adjusting clamp screw 
that passes through a quadrant, as shown in Fig. 30. 




Pig. 80. 

In Fig. 30, the slitting gauge, or fence, / is shown in 
place. This gauge is used for ripping, and is so arranged 
that it can be tilted to various angles. The portion of the 
table k can be locked in place, and the entire table tilted as 
shown in Fig. 31. In Fig. 31, the fence /"has been placed 
on the movable portion of the table k and the table locked. 
This tilting of the table is very handy when sawing out 
staves for cylinders, columns, and similar patterns. The 
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table can be tilted to any desired angle up to 45°, One ad- 
vantage of setting the gauge, pr fence, as shown in Fig. 31, 
is that the weight of the stock tends to keep it against the 



gauge. By means of this saw and its attachments, a 
patternmaker can save a great deal of time, as it will cut 
practically all angular forms. 

62. Band Saws. — All machines employing circular 
saws are suitable only for angular work and for cutting along 
straight lines. For cutting irregular or curved lines, the 
band saw, as shown in Fig. 33, is very useful. In this 
machine, the stock to be cut is supported on the table ^. 
The saw is in the form of a band and runs on the wheels d 
and e. One wheel e is driven by a belt and the pulley at/! 
In order to prevent the saw from crowding back and run- 
ning off the carrying wheels e and d, a special guide and 
support c is provided. This guide is carried on an adjust- 
able guide arm a. 

The saw is held in place by means of two adjustable 
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blocks b, b, between which it runs, and the backward thrust 
is taken by the disk //, across one edge of which the saw 
travels. The disk h has a slow rotary motion caused by the 
friction of the saw traveling on it and this causes it to wear 
evenly. The upper wheel d is adjusted vertically so that 
band saws of slightly different length may be employed on 



the machine. When in use, the guide c should always be 
set as close to the work as possible. It is well to box the 
space below the band-saw table, or, at least, to provide guards 
in front of the saw, in order to prevent pieces of material 
from getting between the spokes of the wheel and also the 
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workmen from accidentally coming in contact with this por- 
tion of the saw, and thus being injured. 

63. JiK Saw. — Band saws are very useful for sawing 
most curved work, but when it becomes necessary to saw 
out the center of a piece, 
or to operate inside of a 
closed figure, the band saw 
cannot be used and some 
form of JIk saw must be 
employed. Fig. 33 illus- 
trates a machine of this 
character. The work is 
supported on the table / 
and operated on by the saw 
c. This saw is given a 
reciprocating motion by 
means of the crank disk a 
and pitman rod b. The 
upper end of the saw is 
carried by an adjustable 
guide dy which, like the 
guide of the band saw, 
should always be set close 
to the work. The guide d 
is adjusted by means of 
the hand wheel e. The 
upper end of the saw is 
attached to a bar or a strap 
carried by springs g, which 
serve to keep the saw taut. 
The framework carrying 
the guide and springs is 
^"'" "' supported by a brace h, 

hanging from the ceiling. This brace is steadied by three 
rods/", which can be adjusted by means of turnbuckles, as 
shown. The jig saw is not as convenient as the band saw and 
will not work as fast, because it only cuts during the down 
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stroke. In other words, it only saws half of the time while 
the band saw is cutting continuously. When working inside 
of closed figures, the jig saw is detached from the straining 
frame and passed through a hole in the work, after which the 
straining frame is again attached and the work continued. 



SURFACING MACHINES. 

64, Rotary Planer. — Fig. 34 illustrates a typical 
planlns* or surfacing^, machine that is well adapted for 
work in a pattern shop. The machine shown is carried on 
a heavy cast-iron base g and is provided with a two-part 
adjusting table, the parts a and d being separately adjusted 
by means of the hand wheels and screws shown at e and f. 
The portion a is so adjusted as to receive the work after 
it. is cut; the tabled should be adjusted lower, so that the 

L_ n 

f -I 




Pig. 84. 

difference in elevation between the two tables represents 
the depth of cut being taken. The work is held by hand 
against the guide r. Various special attachments and 
guides may be used in connection with these planers, and 
they are also handy for truing up and smoothing work. 
Among the operations that may be easily performed on this 
style of machine are chamfering, beveling surfaces, and, to 
a certain extent, taking the piece out of wind, though, owing 
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to the fact that the work is fed over the table by hand, it is 
impossible to entirely remove wind in this style of machine. 

65. Daniel's Planer. — This style of machine is used 
almost entirely for taking work out of wind, but differs from 
the one illustrated in Fig. 34 in that it is provided with a 
movable table similar to that of an iron-planing machine. 
The piece of wood to be operated on is secured to this table 
by suitable dogs or clamps and the work is then passed 
under the rotating knives. These knives are usually 
rotated in a horizontal plane on the end of a vertical axis. 
A planer of this kind will take wind out of timber perfectly, 
on account of the fact that the timber is rigidly held in 
place while being operated on, but the Daniel's planer is 
not suitable for work on very thin stock, nor will it answer 
for the large variety of work covered by the form shown in 
Fig. 34. 

LATHES. 

66. Face-PIate LattaeB — For turning large patterns, 
face-plate latbes are employed, as shown in Fig. 35. In 

this form, the lathe 
is supported on a 
heavy base a and is 
provided with a short 
rigid spindle run- 
ning in bearings b, b. 
Power is furnished 
, by a belt running on 
the cone pulley c. 
On the end of the 
spindle is placed an 
iron face plate d and 
to this are screwed 
boards that are then 
turned off to form a 
wooden face plate of 
FiG.»^ large diameter. The 
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work to be turned is bolted or screwed to this large wooden 
face plate. Turning tools are used over the hand rest gy 

which, in this case, 
is carried by a sup- 
port //, which is 
pivoted at i so that 
it can be swung 
away; from the 
front of the lathe. 
This bridge, or 
support, that car- 
ries the rest is pro- 
vided with a legy, 
which can be ad- 
justed directly be- 
neath the rest g. 
When turning 
very large work, 
^ or work that pro- 
^ jects some dis- 
tance from the 
face plate, it is fre- 
quently necessary 
to swing the arm h 
out of the way, and 
to arrange a rest 
on a temporary 
wooden horse. 
Every pattern 
shop, where work 
of any size is done, 
should be provided 
with one or more 
of these face-plate 
lathes. 

67. Larg^e Combination f^atlie. — Fig. 36 illustrates 
a very handy lathe for use in the pattern shop. The bed, 




40 PATTERNMAKING. § 31 

or shears, / is supported on suitable cast-iron legs, as 
shown. On these shears are placed the headstock a and the 
tailstock by also the movable rests. As shown in the illus- 
tration, the long rest^ is in place, being supported at two 
points. When short work is to be turned, only one of the 
supports is employed and the rest shown on the floor at h 

mav be used. 

.> 

68. Long and .slender work is turned between centers 
of the lathe, c being the live, or driving, center and k the 
dead center. Small work may be screwed, or otherwise 
secured, to the small cast-iron face plate d. Sometimes the 
small face plate d is replaced by the casting shown on the 
floor at I, This casting has a threaded spike, or screw, in 
its center so that small pieces of work may be screwed on 
it, thus doing away with the use of other screws or fasten- 
ings. 

When work that cannot be swung over the shears of the 
lathe is to be turned, it may be secured to the face plate e^ 
which is placed on the other end of the spindle and so 
arranged that it overhangs one end of the lathe. When 
this face plate is used, it is necessary to rig up a temporary 
rest on wooden blocking to carry the regular iron rest. 
The shears of such a lathe as this are usually about 18 feet 
long and it is arranged to turn about 30 inches in diameter 
over the shears. In some cases, the shears j are made of 
wood. 

69. Small Wood-Turnlns: Latlie. — All pattern 
shops, and especially those handling small work, should be pro- 
vided with at least one small lathe capable of swinging from 
12 to 16 inches over the bed. This small lathe is in general 
appearance like that shown in Fig. 36, but is not provided 
with the overhung face plate r, all the work being done 
between the centers. Sometimes, even in special classes of 
work, small bench lathes are used in patternmaking, but, as 
a rule, one having from a 12-inch to 16-inch swing is as 
small as would be required. 



% 31 PATTERNMAKING. 41 

MISCELLANEOUS TOOLS AND APPLIANCES. 



TRIMMERS. 



70> Bench Trimmer. — While adjustable saws similar 
to those shown in Pigs. 30 and 31 will cut wood to any 
angle, they do not make good surfaces for gluing, especially 
on the end grain. Owing to the fact that it is difficult 




to produce these surfaces with hand tools, trlmmltiK 
machines have been placed on the market. Fig. 37 (n) 
illustrates a fr<)nt view and Fig. 37 (^) a back view of one 
of these trimmers intended for use upon a bench 

The stock to be trimmed is placed against one of the 
adjustable wing guides, as shown at d, and one or the other 
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of the knives rt, b is employed to trim the end of the piece, 
the lever i: being used for operating the knives. The bed 
of this machine has various angles marked on it, and 
the adjustable wings d may be set at any desired angle. 
This enables the trimmer to finish the ends of pieces to 
form segments for figures having any desired number of 
pieces in the circle. These bench trimmers are generally 
a part of the shop equipment, but are sometimes owned 
by individual patternmakers and are kept on their own 
benches. 

71. LarKe Trlmmlntc Machine. — Fig. 38 shows 
front and back views of a large trimming machine similar 
in action to the bench trimmer. This machine has a much 
larger capacity and is mounted on a rigid base. Instead 



of operating the knives by means of a lever, they are oper- 
ated by the capstan wheel shown at a. As in the smaller 
machine, the bed is provided with adjustable guides, so that 
any desired angle may be cut. Large machines of this class 
are a portion of the regular equipment of the shop and are 
supplied by the owners. 
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GRINDSTONES. 

72. All pattern shops should be provided with grind- 
stones for the use of the men in sharpening both the hand 
tools and the tools for the machines. The grindstones 
for use in the pattern shop should be well mounted, and 
many men prefer using a wooden rest for supporting the 
tool while grinding. Ordinarily, for wood-working tools, 
the grindstone is run at a speed of about 600 feet per 
minute. Others run the stone at such a speed that the 
water will just remain upon it without being thrown 
about the shop. Grindstones always cut better when 
they are used wet, but they should never be left standing 
in water. 



[\ 



CLAMPS. 

73. All pattern shops should be provided with plenty 
of clamps for holding work while the glue is hardening. 
The form of wooden 
parallel clamp shown in 
Fig. 39 is the most ser- 
viceable, and several 
dozen of these should 
be on hand. Metal C 
clamps are also used to 
some extent. It is also 
desirable to have special 
clamps for securing 
large pieces. These are 
frequently made by 
placing one fixed and one adjustable jaw on a piece of 
timber 5 or 6 feet long, the adjustable jaw being so arranged 
that it can be moved 2 or 3 inches at a time ^nd secured 
in the desired positions by means of a pin or notches. The 
finer adjustments are obtained by means of a screw carried 
by one of the jaws. 




]) 
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WORK BBNCH. 

74. General Consideration of Bencli. — Probably 
one of the most suitable benches for use in the pattern shop 
is a regular cabinetmaker's bench, such as is shown in 





Pig. 41. 



Pig. 40. 

Fig. 40. This bench is provided with two vises, one at a 
and one at rf, and also with a series of holes, as r, ^, to 
receive movable stop-pins. Fig. 41 illustrates a common 

I form of stop-pin for use in such holes. The pin 

^ Y^ is held at any desired height by means of the 
Uf spring x and the work is placed against the face b, 
I It will be noticed that the vise d, Fig. 40, is really 
a portion of the bench, so mounted that it can be 
moved by means of the screw e. This portion of 
the bench carries several of the stop-pin holes c. 
By using one stop-pin in one of the holes in d and 
another in the bench, it is possible to clamp long 
pieces of work flat upon the surface of the bench. 

75. Adjustable Bencti Stops. — While the form of 
bench stop shown in Fig. 41 is very useful, it is well to have 
an adjustable bencli stop of a form similar to those 
shown in Fig. 42. These are intended for holding the end 
of work steady while it is being planed. The one shown in 
Fig. 42 (a) has a cylindrical bar, or stem, d, which carries 
the stop-head a. The stop can be secured at any height by 
means of the screw c, the head of which projects through 
the front of the bench. This form is useful on account of 
the fact that by loosening the screw c, the stop can be 
turned so as to engage the end of work that is not 
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sawed oEE square. Fig. 42 {&) shows another form of bench 
stop in which the head a is muunted on a square bar d. 




This bar can be clamped in place by means of the clamping 
lever tf, which is operated by the screw e. Usually, one 
such stop is placed at the left-hand end of the bench. 

76. Vises. — For general patternmaking, the form of 
vise shown at a. Fig. 40, Is frequently replaced by a quick- 
closing vise. Fig. 43 il- 
lustrates a vise belonging 
to this class. The jaws 
are controlled by the 
lever a, which operates a 
cam 6. This cam controls 
a block £ working against P'f ■ **■ 

the toothed rack rf. When this lever is brought to one 
position, the block c drops out of contact with the rack and 
the jaw can be moved to approximately any desired posi- 
tion. The first action that results on turning the lever is 
the raising of block c into contact with the rack cf, and 
after it is in contact, the cam draws the movable jaw <■ 
toward the fixed jaw/". Such a vise as this can be very 
quickly adjusted and is extremely useful for many classes of 
work. Similar vises using screws are manufactured, and 
are so arranged that the nuts can be temporarily separated 
for quick adjustment. 
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77. Bencli Hook. — One very useful accessory to the 

work bench is the bench hook shown in 
Fig. 44. This really forms a movable stop 
that can be used at right angles to the 
front face of the bench. When it is desired 
to saw off a piece of stock, the bench hook 
is placed on the bench, one shoulder being 
set against the edge of the bench while 
the upper shoulder serves a6 a stop for 
Pio. 44. the stock while sawing. 
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PATTERN MAKING 

(PART 2.) 



ALLOTVANCES NECESSARY IN 
PATTERNMAKING. 

1 • General Consideration of Allo^irances. — In 

practice, it has been found that a casting obtained from a 
pattern is rarely, if ever, of exactly the same size and shape 
as the pattern itself, and, to overcome this difficulty, cer- 
tain allowances must be made. In order to understand the 
conditions that exist and to make these allowances properly, 
it is necessary to study the causes of the different variations. 
The principal allowances necessary are for draft^ shrink- 
age^ finish^ and shake. Bach one of these will be taken up 
separately. 



DRAFT. 

2. The pattern is usually given a slight taper so that it 
may be more easily withdrawn from the mold. This taper 
is called the draft. The surface from which the draft runs 
is called the face of the pattern, and is usually the uppermost 
surface of the mold when the pattern is drawn. Fig. 1 
illustrates the manner in which the allowance for draft is 
made. The shape of the required casting is indicated by the 
dotted lines. It will be noticed that the draft has been given 
by increasing certain dimensions of the pattern. For in- 
stance, the diameter of the flange cd has been increased at 
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the face to ab and the diameter of the hole ^A has been 
decreased at the face to e/^ thus increasing the thickness of 

the pattern. No unvarying rule as 
to the amount of draft can be given. 
On comparatively small work, a 
taper of ^ inch per foot represents, 
approximately, an average amount, 
but in some cases very much less is 
employed, while in other cases a 
greater amount is given. Some pat- 
terns are. of such form that they do 
not require an allowance for draft, because of the fact that 
none of the surfaces are at right angles to the face. 




8HRINKAGB. 

3* General Consideration of Sttrlnkagre. — An iron 
casting is always smaller than the mold in which it is made, 
and this is true of castings made from any of the metals in 
common use. This difference in size is due to the slirlnk- 
ase of the metal when cooling. The amount of shrinkage 
varies with the shape and size of the casting and with the 
kind of metal employed. Brass, for instance, will shrink 
more than iron ; and, again, iron that is very hot will shrink 
more than iron that is comparatively cool when poured. 

4. AlloiTvances for Stirlnkase. — The shape and size 
of a casting have so much to do with the amount of shrink- 
age that an iron which will shrink ^ inch to the foot in light 
work may only shrink -^ inch or less in the case of heavy work. 
For instance, when casting large cylindrical or box-shaped 
iron castings, an allowance of -^j^ inch to the foot in length 
and from ^^ to ^V ^"^^ to the foot in diameter is usually a 
sufficient allowance for shrinkage. The reason for the dif- 
ference in the allowance for length and diameter is due 
to the fact that the castings are practically unrestricted in 
their length and are comparatively free to shrink in this 
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direction, while in the diameter the shrinkage is restricted 
by the cores and internal parts of the mold. 

The usual allowances that patternmakers make for shrink- 
age for ordinary purposes are as follows: iron, | inch per 
foot; common brass, ^ inch per foot; yellow brass, ^ inch 
per foot; aluminum, J inch per foot; steel castings, from 
I to i inch per foot, depending on the kind of casting and 
the temperature at which it is to be poured. 



FINISH. 

6. Definition. — When the surface of the casting is to 
be cut away or finished, an allowance equal to the amount 
removed is added to the pattern and is called an allowance 
for finisti. 

6. Allo^rance Necessary for Finisti. — The allow- 
ance made for finish must always be sufficient so that all the 
scale will be removed and clean metal exposed. For iron, 
an allowance of from ^ to ^ inch is sufficient in the case of 
small work, but as the size of the casting increases, its irreg- 
ularities and the total amount of shrinkage increase, and a 
greater allowance for finish must be made. In the case of 
heavy engine .beds and similar large castings, an allowance 
of from f to 1 inch is frequently made. Steel castings are 
usually very rough, especially when large, and they also 
become more or less distorted in casting and annealing. 
On this account', an extra allowance is made for finish. 
Each individual shop must determine its own system of 
allowances for finish, as it is dependent in part on the 
manner in which the work is machined and the molding 
done. 



SHAKB. 

7. Conditions Under Wtiicti ttie Allowance Be- 
comes Necessary. — The molder usually loosens the pat- 
tern in the mold by rapping before withdrawing it. As this 
tends to increase the size of the mold, it may become 
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necessary to make an allowance for shake in some cases, 
especially when dealing with small castings, or the small 
details of large castings. 

If small castings are intended to fit together without 
finish, as shown in Fig. 2, the dimension a on the piece c is 
increased by shake, while the space a on the piece b is 
reduced, and, as a consequence, the two pieces will not fit 
together ; hence the patterns should be made with an allow- 
ance for shake, the dotted lines indicating such allowance. 
In this case, the two patterns would go together loosely, but 
the two castings would probably go together tightly. It is 

very rare that the attempt 
is made to fit castings to- 
gether without some finish, 
but very frequently it is 
Pio. 8. necessary to make an al- 

lowance for shake. It is impossible to give any definite 
amount as the proper allowance for shake, as this must be 
determined by experiment in almost every case. Usually, 
an allowance for shake is only made on small patterns, 
and it is not often required in cases where the dimen- 
sions of the pattern exceed 4 inches. On small pieces, 
shake and shrinkage tend to neutralize each other, and in 
many cases they are supposed to do so between the limits of 
4 and 6 inches. On dimensions of over 6 inches, an allow- 
ance is usually made for shrinkage. 




8. Conditions Governing Warp. — Some castings 
will become distorted in the mold when cooling, owing to 
their varying thickness or to one surface being exposed 
more than another so that it cools more rapidly. For this 
reason, it is frequently necessary for the patternmaker to 
make some allowance for isvarp by changing the shape of the 
pattern. The amount of allowance necessary must be 
determined by trial in almost every case, but there are 
some general rules or laws that govern such cases, and by 
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studying them and exercising a little care in molding, these 
difficulties may frequently be overcome. If a casting of the 
form shown in Fig. 3 
is desired, it will be 
noticed that the web a 
is thin compared with 
the upper portion of 
the casting 6, This 
web would cool first ^'®- ^• 

and thus determine the length of the lower portion of the 
casting. The portion 6 would cool more slowly and would con- 
tract somewhat after the web a had become permanently set. 
The shortening of the upper face of the casting would tend 
to warp it as indicated, somewhat exaggerated, by the 
dotted lines. In other words, the portion that contains 
the largest body of metal cools last and tends to become 
the shortest. In order to make this casting straight, it is 
necessary to make the upper face of the pattern convex or 
to cause the upper face to cool more rapidly than the lower 
portion. The latter may be accomplished in molding by 
bedding the web a deep in the sand and having only a thin 
layer of sand on top of the portion d so that the heat will 
radiate and escape from it rapidly. Frequently, molders 
uncover or partially uncover large masses or heavy irreg- 
ular parts of castings so as to cause them to cool more rap- 
idly and thus reduce the strains caused by irregular cooling. 
When casting plates that are strengthened by means of ribs, 
care should be taken to make the ribs approximately the 
same thickness as the plate, as, otherwise, they will have a 
decided tendency to warp the casting. 



MARKING AND RECORDING PATTERNS. 

9« Necessity of a System. — Where a large number of 
patterns must be stored and taken care of, it is important 
to have some system by means of which any given pattern 
can be immediately located and by means of which castings 
can be ordered from any given pattern. The system in 
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most common use is to fix some mark or symbol upon each 
pattern and then make a record of this symbol. It would 
be impossible to give examples of all the different systems 
employed for marking and recording patterns, but the follow- 
ing general description can be applied in most cases, or a 
modification of it can be worked out for any given case. 
The advantages of having a system are as follows: The 
marks facilitate the ordering of castings and help to pre- 
vent confusion in the foundry and the mixing of patterns. 
When the order for a casting is written out (as it always 
should be), the mark corresponding to that on the pattern 
is put on the order so that the molder and the pattern- 
maker cannot misunderstand each other by naming parts 
differently. 

lO. Marking: Patterns. — To mark a pattern, a letter 
and number may be fixed upon each pattern so that they will 
appear on the casting. The letter is to designate the class 
of machinery, or it may be used for a certain machine. 
The number is to designate one part of the machine from 
another.* 

In the case of large manufacturers that have patterns 
for a number of different classes of machines, and often a 
number of different sizes of machines in each class, the ques- 
tion may arise as to what should be done when the alphabet 
is exhausted. In this case, two letters can be used to desig- 
nate a machine or class, commencing with AA, AB, AC, 
and so on through the alphabet again; then begin with BA, 
BB, BC, etc. Thus it will be seen that it is possible to 
have a large combination of distinct and separate classes 
without confusion. The mark placed upon each pattern 
should also be entered on the drawings. This is frequently 
neglected, but where it is done, it greatly facilitates the 
work in the machine shop. 

In the case of patterns having core boxes or loose pieces, 
each piece or core box should receive the mark, as this will 
enable the foundry man to keep the pieces together and to 
avoid mistakes. 



8PBCIMBN ENTRY FOR PATTERN RECORD BOOK* 

18-INCH AND 20-INCH CORLISS ENGINES. 



Pattern 
Mark. 


Name of Part. 


Castingrs 
Wanted. 


Weight. 


Pattern 

At 


Remarks. 


A 1 


Engine frame, IS'xSe* 




8.555 


2 




A 1 


Engine frame, 18'x42' 




3,905 




This pattern 


A 1 


Engine frame, 18'x48' 






• 


is constructed so 


A 1 


Engine frame, 20" X 36" 








that it can easi- 


A 1 


Engine frame, 20" x 42* 








ly be changed to 


A 1 


Engine frame, 20*X 48' 








differentstrokes 


A 2 


Main pillow-block 




2.015 


8 


and sizes. 


A 3 


Cap for block 




475 






A 4 


Oil cover 




10 






A 5 


Corliss cylinder, 18''x36' 




3,790 


2 




A 5 


Corliss cylinder, 18'x42' 




4,290 






A 5 


Corliss cylinder. 18'x48' 








Patterns are 


A 6 


Corliss cylinder. 20'x36' 




4,125 




arranged on the 


A 


Corliss cylinder, 20'x42' 




4.280 




telescopic prin- 


A 6 


Corliss cylinder. 20'x48' 








ciple. 


A 7 


Frame foot 


1 




1 




A 8 


Cylinder feet (20* cylin- 
der) 


2 








A 8 


Cylinder feet (18' cylin- 
der) 


2 








A 9 


Crank, 36* stroke 


1 








A 10 


Crank, 42" stroke 
Brass. 


1 








A 70 


Key heads 


12 








A 71 


Knock-off latches 


2 






Strong bronze. 


A 72 


Connecting-rod box 


1 






Crank end. 


A 73 


Connecting-rod box 


1 






Crosshead end. 


A 74 


Bushing for piston rod 


1 








A 75 


Bonnet bushings 


4 








A 76 


Eccentric strap shims 
Steel Castings, 


2 








A 100 


Crosshead nut 


1 




4 


Nov. 8. 1892. 


A 101 


Cheek pieces for pattern 












block 


2 




4 


Nov. 3. 1892. 


INDEX OP FIRMS TO 


WHOM Pi 


^TTERNS ARE SENT. 



1 Eddy Foundry Co.. Chicago, Iron Foundry. 

2 Chicago Foundry Co., Chicago, Iron Foundry. 

3 Bouton Foundry Co. . Chicago, Iron Foundry. 

4 Pittsburg Steel Casting Co., Pittsburg, Steel Foundry. 
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11. Recording: Patternn. — The accompanying sample 
entry, taken from a pattern-recording book, will serve to 
illustrate the manner in which this work may be carried out. 

12. The column marked ** Pattern At" will be found 
very useful when patterns are sent to outside foundries, as 
it will enable the patternmaker to locate all his patterns 
accurately. In connection with tliis column, an index is 
made showing the names of firms to whom patterns have 
been sent. Each firm is given a number, as shown. When 
a pattern is sent out, the number corresponding to the firm 
to whom it has been sent is marked with a lead pencil in the 
number column and opposite the pattern that is sent out. 
When it is returned, the lead-pencil mark is erased, showing 
that it has been returned and restored to its place. 

It often appears that in a set of patterns for a certain 
machine, there are some parts that can be used on other 
machines. In such cases, entries should be made in the 
schedule of each machine, stating that these pieces can be 
used and giving the letter and number upon each piece. 

13« Miscellaneous Patterns. — There is always a 
large number of miscellaneous patterns that cannot well be 
classified, yet many of them are frequently recorded and 
should be marked so that they can easily be found. These 
may be given a symbol and entered under the head of mis- 
cellaneous. 

14. Rouffti Patterns. — There are always some rough 
patterns made that are wanted simply for a single casting 
and are frequently of the skeleton type. These patterns are 
usually not recorded and it is generally best to destroy them 
as soon as they have served their purpose. 

15* General Remarks on Recordinfi:. — As a rule, 
the billing and shipping clerks that handle patterns are 
not familiar with the names of the parts of the machines; 
hence, matters are greatly simplified by having these parts 
recorded by letter and number, and by adopting such a 
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system it is possible even for a stranger to find any desired 
pattern, providing the shelves or bins where the patterns are 
stored are marked with the letter corresponding to the class 
belonging there. The system described is intended simply 
as a suggestion in order to show how the work may be car- 
ried out, but every pattern shop should have some definite 
system of its own and a definite order for storing and keep- 
ing the patterns. Sometimes shops adopt a system of paint- 
ing all outside faces of patterns a different color from the 
faces that come in contact with other portions of the pat- 
tern, so that the molder can tell at a glance whether some 
piece of the pattern is lacking or not. 



MAKING PATTERNS. 



SMALL RECTANGULAR PATTERNS AND CORE 

BOXES. ' 

,, 16. Patterns for Sq^ld Castlnss. — Patterns of this 
kind are usually made solid by first sawing the stock to 
approximately the required size and then finishing it with 
a plane or such other tools as may be most convenient. In 
getting out the stock from which to make patterns, it is 
necessary to take into account not only the allowances for 
draft, shrinkage, shake, and finish, but also to allow sufficient 
material for the finishing of the pattern with the planes, 
chisels, or other tools employed. 

17. When a pattern is thin and flat, as shown in Fig. 4, 
the allowance for draft may be disregarded, on account of the 
fact that the rapping will bh all that is neces- 
sary to free the pattern from the sand so that 





it can be removed from the mold, and, in the ii!iiL'.lii''.i:''''''..!!'%. 
case of small patterns, that is, up to 6 inches, p>o- *• 

the rapping will also enlarge the mold sufficiently to com- 
pensate for the shrinkage of the casting due to cooling. 
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18. When the depth of the pattern is comparatively 
great, as in the case shown in Fig. 5, an allowance for draft 

I must be made. The face a of the pattern 

is larger than the required size of the casting 
I by the amount necessary for draft. The op- 
posite end i of the pattern is made of the re- 
quired size, the dotted lines indicating the 
amount that has been added to provide for 
draft. In the case of large solid castings, the 
patterns are sometimes made hollow like 
Pio. a. wooden boxes, so as to make them lighter 

for the molder to handle and also to reduce the amount 
of timber necessary in the pattern. 

10. Patterns for Hollow CastinKs- — When it is 
required that there shall be openings in or through the 
casting, the pattern is made to leave its own core when pos- 
sible. Pig. 6 illustrates a 
cross-section of a mold con- 
taining a pattern. At a, 
the pattern leaves a mass 
of sand forming a core that 
will make a hole entirely 
through the casting, while at d simply a small ridge of sand 
is left as a core to form a depression in the metal. Both 
of these cores are left by the pattern. In such cases as this, 
the inside of the opening for forming the core and the out- 
side of the pattern are both given a slight taper from the 
face, for draft. 

20. When the core becomes long so that it is impossible 
to draw the pattern from around it, or when the core is of 
such a shape that a pattern cannot be drawn, it becomes 
necessary to use a separate core. Short square cores may 
be formed in a simple core box like the one shown at 
Fig. 7 {a) and short cylindrical cores in a box similar to the 
one shown at Fig. 7 {d). In this case, the opening for 
the core is simply an opening bored through a block of 
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wood that has been sawed apart to facilitate the removing 
of the core. In sawing, the parting line has been made 





Fig. 7. 



irregular, as shown at a and ^, these curves serving to 
properly locate the parts of the core box. Other devices for 
accomplishing this same thing will be illustrated later. 



PATTERN TURNING. 

21. Distinctive Features of Pattern Turning. — 

The operation of pattern turning is carried on in a different 
manner from the ordinary work of the wood turner. Ordi- 
narily, the patternmaker does not use a tool ground on both 
sides and held sidewise for finishing as does the wood turner, 
but employs a thick chisel ground on one side only, with 
which he scrapes the work by firmly holding the chisel flat- 
wise on the rest. Patternmakers turn in this way because 
the work must be approximately round and of exact size, 
the finish being of secondary importance, and also because 
it is possible to produce the finish later by other means. In 
the case of a regular wood turner, the work is rarely re- 
quired turned to exact dimensions, but a smooth finish is 
usually of great importance. 

The patternmaker usually turns small core prints and 
similar small work just as the ordinary wood turner would, 
with a chisel ground on the skew and on both sides. In the 
case of heavy work, especially when turning built-up pat- 
terns, the work is frequently firmly secured in a lathe, and 
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a sliding rest, similar to that employed in the metal- working 
lathes, placed before it, the turning being done by means of 
tools held in the rest. 



BXAMPLC; OP 8IMPLB TURNBU PATTERNS. 

22. Pattern for Solid Holler.— The pattern shown 
in Fig. 8 may be taken as a fair representative of this class. 
The kind of pattern made to produce this roller will depend 
largely on the number of castings required and the facilities 
at hand. When but a few castings 
s wanted, a pattern will be turned 
t of one piece having the same 
ape as the casting. This simpli- 
^"^' ^' fication of the work of the pattern- 

maker throws additional labor on the molder on account of 
the fact that it necessitates his cutting down the parting 
line of the mold, as shown in Fig. 9. The pattern is shown 
at r, and it will be noticed that the molder has been forced 
to cut away the sand along the lines a b and cd so as to 



Pia. s. 
enable hira to draw the pattern from the mold. This leaves 
the lower portion of the mold comparatively simple, but 
the cope or upper portion will have a body of sand hanging 
from it as shown at e, and this is objectionable in most 
work. 
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23. If a great number of castings is wanted, the pat- 
ternmaker may still make a solid pattern and, in addition, 
make what is called an odd side or vtatch. This is illus- 
trated in Figs. 10 and 11. In Fig. 10, the pattern a is 
shown embedded half its depth in plaster or oil sand. The 
odd side is made in a box c, which must be of the same size 



as the mold. If it is made of plaster, it is allowed to harden, 
and if made of oil sand, it is dried until the material has 
become firm. The plaster or sand is usually made to ad- 
here to the box c by means of nails driven on the inside of 
the box. The method of using the odd side is shown in 
Fig. 11, in which a is the pattern, b is the sand or plaster of 



the odd side, c is the box containing it, and d is the nowel 
of the flask. This is placed upon the boxir and sand rammed 
in as shown, after which the whole is turned over, the odd 
side removed, and molding proceeds as usual. If it is so 
desired, several solid patterns may be made and an odd side 
provided that will accommodate all of them. 

24. Jointed Roller Pattern. — When there is only a 
moderate number of castings required, the patternmaker 
usually provides a jointed pattern. This is also frequently 
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done on account of the fact that odd sides or matches 
are large and awkward and inconvenient to store, also the 
odd side, or match, can only be used with a flask of .the 
same size as the box containing it, while, with a jointed pat- 
tern, any form of flask of sufficient size may be employed. 
In a jointed pattern, the molding is facilitated by making 
the pattern in halves. To make a pattern for the roller 



(b) 



illustrated in Fig. 8, two pieces of wood should be taken 
as shown in Fig. 12 {a). These pieces are sawed from a 
board or plank and are larger than the required pattern 
so as to allow for finishing the pattern. Fig. 12 {d) shows 
the two pieces face to face and the outline of the required 
pattern drawn upon them, thus illustrating the allowances 
that are ordinarily made. 

25. The pieces should next be doweled together. If 

wooden dowels are employed, they may be put in place by 

« clamping one piece on top of the other and 

p boring through the first and partly through 

J the second, as shown by the dotted lines at 

g c, c, Fig, 12 (a). If it is desired to keep the 

I outside surface of the pattern unbroken, 

* the holes may be located by laying two 

^'°- '* small wire nails between the pieces and 

then tapping the other piece with a hammer or mallet. 

The heads of the nails will make impressions in each piece, 
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which will iadicate the centers of the holes to be bored. 
Fig. 13 illustrates a dowel that has been put in in this man- 
ner, a being the dowel, which is glued to the portion of the 
pattern b and fits into the hole in c. The pins should not be 
placed at equal distances from the ends of the pattern, but 
one should be nearer the center than the other, so that the 
molder can put the pattern together without hesitation. 
The pins must be put in and glued before the turning of the 
pattern is done. 

26. If brass pins and plates are employed, the plates 
with the dowel-holes are inserted into one half of the pat- 
tern first. The pin plates are then put on top of the 
inserted ones and the other half of the pattern set on top of 
it. A tap with a mallet will cause the pieces to make 
impressions on this upper piece of the pattern, and will thus 
locate the holes that must be bored. 

27. The two pieces of the pattern must next be fastened 
together in such a way that they can be turned as one 
piece. This can be done by inserting screws near the ends, 
as shown in Fig. 14, or by inserting dogs, as shown in 
Fig. 28, Patiernmaking, Part 1. 

Another method that is commonly employed for holding 
the pieces together while being turned, is to glue a piece of 
paper on one of the pieces and then glue the other piece on 
to this paper. Sometimes the entire surface of the pattern 
is not covered with the 
paper, but strips are 
simply glued between 
the ends. If pieces 
have been joined by 
gluing paper between 
them, after the pattern 
is finished, they may 
be separated by inserting a knife blade or chisel between 
them, leaving one-half of the paper on each piece. When 
patterns are secured by glue and paper, care must be taken 
in turning to avoid accidents because of the tendency of 
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the glued pieces to fly apart, owing to the great speed at 
which they are revolving in the lathe. After the pieces 
are secured together, the pattern is turned to the form 
shown in Fig. 8; it is then removed from the lathe and the 
parts separated. The ends should never be turned entirely 
off in the lathe, but should be turned to a thin neck, which 
is subsequently sawed off and finished with a knife or chisel. 




LARGE CVI.INDRICAL PATXERNS. 

28. BuHt-Vp Patterns. — Large cylindrical patterns 
of the class illustrated in Fig. 15 are generally built up 
of staves that are carefully 
joined and fastened to supports 

• or guides. The general method 
of joining staves and attaching 
them to supports is shown in 
Fig. 16, in which a and b are the 

' supports and d, d the staves. In 
the illustration, the board c has 
been let into the supports a and b 
in order to give additional stiff- 
ness to the pattern while it is 
being built up. This is not al- 
ways done, and sometimes when 
it is done, the board c is allowed 
to stop at the end supports a 
and b. In the case of long pat- 
terns, it becomes necessary to 
use more than two supports for 
the staves. 




29. Before proceeding with 

the pattern, a drawing should be 

made as shown in Fig. 17. This 

''"'■ " drawing is made on stiff paper or 

on a thin piece of wood. The half circle for the outside of 

the pattern is drawn and on this the staves are laid oft. 
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enough stock being left on the outside, as shown at c d, to 
provide for turning. The staves are laid off with sufficient 
thickness to give the pattern the required strength and the 
lines of division between the staves are drawn toward the 
center^. The thickness of the staves /"is determined and 
the polygon for the support e laid off as shown. 

30. Cutting Stock for the Pattern. — After the 
drawing is completed, the polygon e is cut out of the draw- 
ing and used as a templet to mark the partition pieces or 
supports a and d, Fig. 16. The staves are then sawed to 
the proper angles and width from a plank that has been planed 
to the required thickness, as shown at /", Fig. 17. These 
staves may be sawed upon a circular saw having a tilting 
table as illustrated in Fig. 31, Patternmaking^ Part 1. Two 
sets of supports or partitions a and b should be gotten out 
and doweled together after the sides are prepared. 

31. BuUdlns Up the Pattern. — After the staves 
and partition pieces have been prepared, each half of the 
pattern is built up separately. If a stiffening piece c^ 
Fig. IG, has been employed, it will hold the supports a and b 
in place and it will simply be necessary to screw and 
glue the staves in place. Where no stiffening piece as c 
has been employed, it will be necessary to mount the 
pieces a and b in their proper relation, and this may be done 
by surfacing a plank, drawing a line down its center, and 
placing the supports so that the center of their bases, as g^ 
Fig. 17, comes upon a line drawn upon the plank, care being 
taken that the pieces are at right angles to this line. When 
properly placed, the supports are toe-nailed or skew-nailed 
to the plank, allowing the heads of the nails to project so 
that they may again be drawn out. After the partitions 
are set, a stave is fastened on each side by nailing or screw- 
ing, as desired ; the joints are also glued. Other staves are 
added until the last stave of the half pattern is fitted, but 
before this stave is fastened in place, the skew nails must be 
drawn so as to remove the pattern from the supporting 
plank. 
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When one half of the pattern is built, the other halves of 
the partitions are placed with the dowels on their mates in 
the built-up half, which has been removed from the plank 
and turned over. The halves of the supporting pieces a 
and b may be held together by driving some dogs into them 
on each side of the partition. Staves are now fitted as 
before. In case the dogs have been used on the inside of 
the partitions, the last stave must not be glued in place, 
but can be secured by screws until the turning is complete, 
after which the screws can be removed, the dogs taken out, 
the pattern taken apart, and the stave returned to its place 
and glued and screwed on permanently. The advantage of 
placing a stiffening piece on the inside of a pattern, as shown 
at c^ Fig. IG, is that it supports the inside of the partitions 
and reduces the liability of their being pounded out of posi- 
tion by the molders. It also gives the molder a convenient 
means for handling a half pattern. 

32. Turnlnfir the Pattern. — Before turning a pattern 
of this class, iron plates containing centers are fastened 
to the partitions a and b or the ends of the planks c so 
that the centers are at the center of the pattern and in 
the plane of the parting line. One of these plates may 
be provided with a projection on one end, as shown in 
Fig. 29, Patternmaking, Part 1, which serves as a driver for 
revolving the pattern. This plate, with the projection, 
is called a tail-dog. Both plates are provided with cone- 
shaped centers to receive cone-shaped lathe centers. As the 
plate at the tailstock end revolves around a fixed center, it 
should be well oiled where the contact occurs. Sometimes, 
pieces of hard wood are placed upon the pattern instead of 
the metal center plates, ^nd, in this case, a pin is fastened 
upon the end of the pattern to serve as a dog or driver. 
After all is ready, the piece is turned so as to form a plane 
cylinder like the portion between the lines ab and c d^ 
Fig. 15. 

33. Preparation of tbe Flanges. — The flanges for 
the ends may be made as follows: Two pieces of stock 
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of sufficient size to make the flange are prepared by planing 

one face and one edge smooth and joining the edges 

together. The joined edges are 

put together and the center of the 

surface so made is found as at rt, 

Fig. 18, be being the jointed face 

between the two blocks or pieces 

of wood. With the point « as a 

center, a circle is scribed having a ■ 

diameter slightly greater than that 

of the finished flange and pieces 

are cut to this line with a band 

saw. The edges may now be 

glued together with a strip of f'". is. 

paper between them, so that the turning operation may be 

more safely performed, although this is not always done. 

The pieces are then fastened to a large face plate, as 
shown in Pig. 19 (d), the marked center a. Fig. 18, being 
placed carefully in the center of the plate. The flange is 
then turned to the form shown in Fig. 19 {b). The fillet 
joining the flange to the body of the pattern may be turned 



\ 



on the flange as shown at/", Fig. 19 {h). A slight taper for 
draft ought to be given from this fillet to the outside edge 
of the flange; a taper for the same purpose should be given 
to the other side of the flange by first marking on the 
revolving disk a line where the outside of the core print 



30 PATTERNMAKING. § 32 

will come and tapering the flange from this line to the 
outer edge. 

34. Core Prints. — The core prints are turned from 
pieces of stock that have been joined together and are 
usually solid. The ends arc rounded a little for draft, 
as shown at c, Fig. 15. The prints are fastened to the 
flanges with screws and glued as shown in Fi^. 20, c being 
the core print and a the flange. After the flanges and 
core prints have been fastened to each other, the flanges 
are secured to the body of the pattern by means of screws 
and glued, as shown in Fig. 20, b being the end of the body 
of the pattern. Where a supporting board c. Fig. 10, has 
been used in the pattern, it is sometimes made long 
enough to let into the core print c. Fig. 30, thusstrength- 
ening the entire pattern. When the board c. Fig. IC, is of 
the same length as the staves of the pattern, it may be 
secured to the core print and flanges by placing suitable 
blocks on the inside end of the core print and flanges and 
screwing or gluing them to the board. 
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■ 35. Special Tool for Turning Large Patterns. — 

When large and heavy work is to be turned in the lathe, it 
is sometimes diflicult to do good work with hand tools, 
and a slide rest may be employed. In this case, a tool 
of the form shown in Fig. 21 can be used for turning the 
pattern. This form of tool is not only suitable for rough- 
ing, but will do very good work on a finishing cut if the 
feed is not too coarse. The tool is usually fed along the 
slide rest by hand. 
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CORE BOXES POK CYLINDRICAL AND 
TAPERED CURES. 

36. Small Core Boxe»«. — When small cylindrical cores 
are required, a core box of the form i and c, shown in 
Fig. 33, may be made in cases when the core a is of such 
proportions that it can stand on end while being dried. To 
mal^e such a core box, two pieces of stock are cut a little 



Pio. Si 
longer than the required length of the core, or of such a 
size as to leave ample stock for strength after a space for 
the core has been cut out. The pieces are doweled and 
clamped together, after which the ends are squared and the 



pieces cut to the exact length. Next, a circle having a 
diameter equal to that of the required core is marked on 
each end, care being taken to locate the circles equal dis- 
tances from one side and to have the centers on the line 
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of division between the two pieces, as shown in Fig. 33. 
The pieces are then taken apart and lines drawn across 
the face of each piece joining the ends of the half circles. 
The material between these lines then is cut away to the 
shape of the half circle. The bulk of the stock can be re- 
moved by means of a circular saw, the saw being adjusted 
to take a series of cuts, as shown in Fig. 34. After this, 
the work can be finished with the aid of a gouge or a 
circular plane. 

37. Tapered Core Boxes. — When a box is required 
for a tapered core, it is usually possible to produce the core 
by making a half box only, as shown in Fig. 25. The con- 
struction is as follows: A piece of wood having a length 
equal to the tapered portion a d is gotten out. The width 
and thickness of the block should be sufficient to allow 
ample stock about the large end of the taper, as shown at a. 
A center line should be drawn along the length of the upper 
face of this block and half circles drawn on the ends a and d. 



The radii used in drawing the circles should be such that the 
ends of the box will have the desired form, as shown at nand^, 
and by the dotted lines at £■ and A. The ends of these semi- 
circles should then be joined by lines tj and i I, after which 
the stock may be worked out to the desired form by means 
of gouges. It is impossible in this case to remove the greater 
part of the stock by sawing, as illustrated in Fig. 24. The 
condition of the work may be judged by first working the 
material out to the circles on the ends and then using a 
straightedge through the box. After the tapered portion is ^ 
complete, the pieces c and d for the prints are gotten out. 
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These can usuaUy be turned upon the face plate, one-half of 
the block being used in each case. The ends e and/should 
always have recesses turned in them, as shown, to allow 
draft at the ends of the core. 

38. l^arffe Core Boxes. — Boxes for plain round cores 
of large dimensions can be built up with staves in a manner 
similar to that employed in 
building up large cylindrical 
patterns. A core box of the 
form shown in Fig. 26 can be 
built up in this manner. Fig. 
27 {a) illustrates a section of 
the core box showing the gen- 
eral construction and Fig. 37 (J?) 
shows the method of putting 
the frame together. The sup- 
ports a are shaped out with a ^°- * 
band saw to the desired form, a templet being used as in the 
case of large cylindrical built-up patterns. The staves are 
I also made as in the 
case of large cylin- 
drical patterns, but 
in this case it is the 
' inside face of the 
stave that is to be 
dressed off round in- 
W stead of the outside 
face being turned 
smooth. This dress- 
ing may be done to 
the individual staves 
before they are fast- 
ened in place, as 
shown in Fig. 28, a 
*^' being an end view 
^''- ^- of one of the staves 
showing the manner in which saw cuts may be used for 
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removing a part of the stock. The templet b is used in 
finishing the inside curve of the stave. This templet is 
provided with a shoulder c so that it can be used in drawing 

the curved line shown on the end of 
the stave at a^ as well as for testing 
the curve when the work is finished. 
After the staves have all been 
formed to the correct shape, they 
are placed upon the supports a^ 
Fig. 27, and screwed or nailed and 
glued in place, b c d^ Fig. 27 (rt), 
illustrating the staves. The outside of the core box is then 
enclosed in a suitable framework composed of the pieces / 
and c. If the core is long, it will be necessary to use a num- 
ber of supporting board$ a. The inside of the ends of the 
box e^ Fig. 26, should be provided with sufficient draft so 
that the core can easily be removed from the box. These 
ends are usually made from thick plank, and the draft is 
turned upon them while they are attached to the face plate 
of a lathe. 



Fig. 28. 



PATTERNS AND CORE BOXES FOR 

BENT PIPES. 

39. H^lf-Circle Pipe Bend.— This style of pattern 
may be taken as typical of that class which is circular in both 
cross-section and outline. In the construction of this class 
of patterns, nearly all the work may be per- 
formed on the lathe. The pipe bend shown in 
Fig. 29 is a good illustration of this style of 
casting. 

40* Preparation of Stock and Face 
Plate for Turning. — To make a pattern for 
the pipe bend shown in Fig. 20, a circular disk 
of wood, slightly greater in diameter than the 
outside of the pattern, is first sawed out. This ^'°- ^• 
is to be used as a chuck in the lathe and must be fastened 
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to the face plate so that its face can be turned smooth and 
flat. After the chuck is prepared and turned flat, a piece of 
thick paper is glued over the face. When the glue has dried, 
the center is marked while the chuck is revolving. 

The material for the body of the pattern is prepared by 
getting out two pieces of stock slightly thicker than half the 
thickness of the finished pattern and large enough so that 
the outline of the pattern will go inside of the outer edge, 
as shown by the lines in Fig. 30 {a). The two pieces are 
planed smooth on one face and jointed on one edge of each, 
as shown. The jointed edges are placed together and a 
circle slightly greater in diameter than the finished pattern 



is marked on the faces, as shown at a. The corners of the 
pieces are sawed off to this mark. It is also good practice 
to draw the circle l> with a radius slightly less than that of 
the inside of the bend and then remove the stock from the 
inside of this circle with a saw. After the pieces are thus 
prepared, they are glued to the paper on the face plate, the 
jointed edges being set at the center of the chuck, this ad- 
justment being made possible by means of the center mark 
that was made while the chuck was revolving. 

41. TurnlDK tile Body of the Pattttrn After the 

glue has dried, the chuck is placed on the lathe and pencil 
marks are made on the face of the wood for finding the 
inside and outside diameters of the pattern, after which the 
faces determined by the lines a and d already referred to are 
cut straight in to meet the chuck. The work will now be of 
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the form shown in Fig. 30 (i). The rectangular section is 
then turned to a semicircular form as shown in Fig. 31, a 
templet being used to determine the exact form desired. 



^'■'"§^-*"' 
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The pattern is then varnished and removed from the chuck, 
when each piece will be of the form shown in Fig. 33. 

42> Flanices and Core Prints. — The flanges and core 
prints can be made together. To accomplish this, two 
pieces of stock having a width slightly greater than the 
diameter of the flange and a thickness slightly greater than 
half the diameter of the flange are finished and jointed 
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together. They are then turned to the form shown at c, 
Fig. 33 (a). There are two pairs of these flanges and prints 
required for the pattern, and it is well to put one pattern 
pin in each pair before turning. The fillet a is turned with 
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the flange b. Inside of the face y, a projecting piece c is 
turned, as shown. This projecting piece is employed for 
joining the print to the balance of the pattern. The print 
and flange are smoothed and varnished before they are 
taken from the lathe, care being taken to color the print a 
different color from that employed on the flange and the 
balance of the pattern. The projecting piece ^, by which 
the flange is to be attached to the body of the pattern, is 
made rectangular after the work is taken from the lathe, as 
shown in Fig. 33 (b). 

To attach these parts to the pattern, the projection is 
laid in place on the body of the pattern and the outline 
carefully marked on the pattern with the pencil. With this 
outline as a guide, a recess is cut to receive the projection, 
as shown at g^ Fig. 33 (c). The pieces are attached to the 
body of the pattern by means of screws and glue, as shown 
in Fig. 33 {c). Care must be taken so that the halves of the 
flanges and prints come exactly opposite each other. Usu- 
ally, three dowel-pins are used, two as already stated, one 
in each print, and the third is placed in the body of the pat- 
tern, as shown at //, Fig. 33 (c). In the case of small-sized 
bends of this character, the prints are made long, as shown, 
in order that the portion of the core in the print may bal- 
ance and hold firmly the overhanging portion in the mold. 

43. Core Box. — The core box for a small pipe bend 
may be made as a half box of the form shown in Fig. 34, 
the operation being as follows : The stock for the curved 
portion of the box must be thick enough to leave the box 
amply strong after the recess for the core has been cut, and 
long enough to allow the curved outlines of the core to come 
well inside the edges of the box, as shown at /*, Fig. 34. 
Sometimes the end of the box is cut off to a curved outline, 
as shown by the dotted line, but ordinarily the corners are 
left square, as shown in Fig. 34. Fig. 35 illustrates the 
manner of laying out the piece. The piece is attached to a 
wooden chuck on the face plate of the lathe, as was done in 
turning the pattern, or in some cases it is screwed directly 
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to the face plate, care being taken that tlie screws will not 
interfere with the turning. 

Tho face of the block is first turned smooth and true, after 
which two circles are marked on it as it revolves to locate 
the inner and outer edges of the core. These circles are 



E 



shown by the dotted lines in Fig. 35. The Hue ab should 
also be drawn through the center of the block and is used 
later when sawing the block apart. The semicircular 
groove for the core is turned out to the desired form. This 
form may be determined by means of a templet of the form 
shown in Fig, 30. Before taking the piece from the face 
CX:^iK] plate, it should be smoothed and varnished. 

jpi-^ After the piece is completed, it is taken from 

gjl„ V'^ the face plate and sawed in two on the line a b. 
Fig. m. which was drawn through the center. Care 
should be taken that the line comes just on one edge of the 
saw cut, so that this piece will contain a portion of the 
groove forming a full half circle. The piece will now be of 
the form shown by the block abce. Fig. 34. 



44. In order to form the straight portion of the core 
box, a piece of stock of the same thickness and width as 
that which has been iised for turning the curved portion, 
and having a length sufficient to form the straight portions 
of the core, is next cut and shaped tO the form shown in 
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Fig. 37 (n). The position and depth of the grooves a and A 
may be nnarked on the ends by setting this piece against the 
piece that has just been turned, as shown in Fig. 34, and 
marking from the groove in that position. 

The depth and shape of the groove may be regulated by 
a templet similar to the one used in turning, and shown in 
Fig. 36. The turned piece and the straight piece are next 
fastened together 
with glue along the I 
line />c. Fig. 34. To j 
close the other end 
of the straight piece, 
a third block of the | 
form shown in Fig. 
37 {i)) must be gotten j 
out. This block 
placed against the '"'' '"'' 

straight portion, as °" "' 

shown in Fig, 34, and curves marked so that the clearance 
spaces a and 6, Fig. 37 {d), can be worked out. This piece 
is sometimes made in two portions, the pieces being joined 
together, attached to the face plate of a lathe, and the clear- 
ance turned into them, this usually being easier than form- 
ing it with hand tools. When the end shown in Fig. 37 (6) 
is completed, it is glued on to the box as shown in Fig. 34. 

45. If it is desired to further strengthen such a box, 
this may be done by fastening a piece of board upon the 
back, as shown at i/. Fig. 34, or strips may be fastened along 
the sides across the three pieces. Such strips are usually 
attached with screws. If a box of this class is to be used 
much, it is well to have the grain of the wood in the differ- 
ent pieces run in the same direction when practicable. 



PATTERNS AND CORE BOXES FOR KLBOWS. 

46. Small Elbow Pattern. — The pattern for an 
elbow of the style shown in Fig. 38 (a) can he produced 
by slightly mo<lifying the methods used in making the 
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haif-turned pipe already described. The elbow shown is 
provided with one socket and one spigot end. When a 
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comparatively large number of siich castings are required, 
it is common practice to mold and cast two of them at one 
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time, the pattern being made double, as this makes very 
little more work for the molder than would be required for 
the production of a single elbow and thus economizes both 
time and space in the foundry. 

The different illustrations in Fig. 38 show, the manner in 
which the pattern and core box are produced, and the fol- 
lowing description will show that it requires very little more 
work to produce this double pattern than it would to pro- 
duce a single elbow pattern. Another advantage is that 
the core balances better in the mold when a double pattern 
and core are used than it would if only one elbow were 
cast at a time. 

47. The pattern is made as follows: A ring is made' as 
shown at Fig. 38 (^), the cross-section being shown at^. 
This is made either by securing a solid piece to a chuck or 
face plate and turning to the cross-section shown at g^ or 
by securing four pieces to the face plate, each piece being 
so secured that the grain runs in the direction of its length, 
as shown in the illustration. When this latter method is 
employed, the joints between the four pieces are carefully 
made so that when the work is turned and taken from 
the chuck, it will be complete and the ring will not have to 
be sawed into four pieces. The cross-section of the ring 
may be brought to the proper form by the use of a templet 
made of wood or metal. If the ring has been turned from 
a solid piece, it is then cut in quarters and the quarters are 
used for the part of the pattern marked a and ^, Fig. 38 (c). 
It is always best to have the grain of the pattern running 
in the direction shown at a and ^, and for this reason it is 
best to turn the ring from four pieces, the grain of which 
runs in the direction shown at Fig. 38 (^). 

After the curved portions for the elbows are finished, the 
portion of the pattern to produce the socket s and the 
spigot/. Fig. 38 (a)^ may be made as follows: These por- 
tions and the core print can easily be made at one time, pro- 
viding the pattern is not of excessive size. Two pieces of 
stock, having a width slightly greater than the diameter of 
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the socket s and a thickness slightly greater than one* 
half its width, are surfaced and jointed together. One dowel 
should be placed in the center, as at /, Fig. 38 (</), and one 
dowel near each end, as at // and j. These last dowels 
should come in the core prints at the s<x:ket ends of the 
elbows. After the pieces are glued up with paper between 
them, they are turned to the form shown in Fig. 38 (^), the 
fillets for the sfx:ket s and the spigot/ being turned right on 
the stock. The projections c and d are intended for joining 
the parts to the curved portions of the pattern. After the 
pattern is completed, the pieces are sawed apart between 
c and rf, the ends c and d dressed to a square cross-section 
and let into the curved portions as shown at c and d. 
Fig. 38 (r). This work must be done accurately so that the 
dowels and portions of the pattern will all come opposite 
each other as they should. 

48. Core Box for Elt>o^ir Pattern. — After the pat- 
tern is built, the core box is made as shown in Fig. 38 (e) 
and (/). The box can be put together in sections, as 
shown, and, as the core is symmetrical, it will only be 
necessary to make one-half of the core box. The blocks for 
forming the portions k and / are turned to form in a 
manner similar to that employed in producing the curved 
portion of the core box shown in Fig. 34, only two quarters 
of the block being used. The straight portion y is produced 
in a manner similar to that employed in producing the 
straight portion of the core box shown in Figs. 34 and 
37 {a). The straight portion/" furnishes both the core for 
the straight portion of the spigot and for the print between 
the two spigot ends of the pattern. The portions of the 
box to form the core for the socket ends s, Fig. 38 («), 
must be turned in the lathe. Two blocks are joined by 
means of dogs, as shown in Fig. 38 {g), or by means of 
screws. They are then fastened to a face plate or chuck 
and turned out to the required shape. A templet can 
be used to give the proper form and to locate the ring 
inside of the end of the socket. When these pieces are 
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turned, they are glued to the curved blocks, as shown at 
d and i\ Fig. 38 (e). The ends of the prints may now be 
closed by the boards o. These must either be provided with 
draft or made removable so that the core can easily be 
removed from the box. In order to strengthen the box, the 
board x may be glued and screwed on the back, and, in addi- 
tion, corner blocks m, n may be glued into the comers, as 
shown at Fig. 38 (-f). 

49. Large Elbow Patterns and Core Boxes. — 
When large elbows are required, the patterns may be built 
up from curved staves, 
as shown in Fig. 39, 
the staves being cut 
from the lumber as 
shown in Fig, 40, as 
this will bring the 
grain in the proper 

direction and at the ^°- ■* 

same time save material. The finished pattern is worked 
down to the proper cross-section by hand tools, the shape 



being determined by templets. The cores for these large 
elbows are usually swept up. A description of the various 
classes of sweeps will be taken np later, 



PATTERNS AND CORE BOXES FOR BENT PIPES. 
SO. Pattern for Bent Pipes. — When a pattern for a 

pipe having a slight bend, as shown at Fig. 41 {a), is 
required, the work may be done in a manner similar to that 
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employed in the making of elbows for similar pipe, with the 
exception that the portion of the pattern from « to ^ is 
usually of too great a radius to be turned in the lathe, and, 
hence, must be worked out by hand. It is not necessary to 
show the parts of the pattern on account of the fact that the 
socket and spigot and the core prints will be exactly like 
those illustrated in Fig. 38, but some description of the 
method of making the portion of the pattern from a to ^ 
may be of interest. Such patterns as this are usually not 
made in pairs, but singly. 



In order to make the required portion of the pattern, two 
blocks arc fitted as shown at Fig. il (A), the blocks being 
secured together with dowel-pins. The stock is sawed to 
the correct curve, when it will have a rectangular cross- 
section as shown at defg. After the pieces are fastened 
together, a circle is laid off on each end, as shown by 
the dotted lines, and, with the bevel set at 45°, the full lines 
on the end of p'ig. 41 {b) are marked. tangent to the circle, 
as shown. Lines /// and jk are then drawn upon the 
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side of the pattern, from the points at which these 45** lines 
intersect the horizontal and vertical lines, as shown in the 
upper portion of Fig. 41 (d). Similar lines are drawn on all 
four faces of the rectangle and the stock is cut away to these 
lines so as to give it the form shown. After this; other 
lines may be drawn tangent to the circle so as to remove 
another portion of each one of thq eight corners. These 
points can be continued along the faces as lines and the 
material between them removed, thus giving a sixteen-sided 
figure, and this process may be continued until the outline 
is approximately circular, the last dressing being done by 
the eye and the piece being finished to a templet. When 
this curved portion of the pattern is completed, the ends, 
with their core prints, are turned up and attached as in the 
pattern illustrated in Fig. 38. 

5 1 . Core Box for Bent-Pipe Pattern. — A partially 
completed core box for a bent-pipe pattern is shown in 
Fig. 41 (c), the portion for the socket end having been omit- 
ted. The portion of the box shown is worked out to the 
proper form by hand. The curved portion corresponding 
to the part of the pipe a 6, Fig. 41 (^ ), is laid out upon the 
surface of the block, which has been prepared for the core 
box by means of suitable curves, and the lines representing 
the straight part are drawn tangent to these curves. After 
this portion of the laying out has been done, a half circle 
is scribed on each end of the block corresponding to the 
diameter of the required core. The stock between these 
two curved lines c d and ef^ Fig. 41 (r), is then worked out 
to the required circular cross-section. This may be done 
by the aid of a templet, as shown at a^ or by the use of a 
square, as shown at ^, Fig. 41 {c). 

There is also a special plane, which is made to operate 
on the principle of the. square illustrated at b^ which may 
be used for this purpose, the cutting being done by a nar- 
row bit at the angle of the square. Such a plane as this is 
not suitable for working out the curved portions of the pat- 
tern, but for the straight portion it is very convenient. 
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Frequently, such a core b<»x as this is made in three parts, 
each one of the straight parts being made separate so that 
most of the stock can be removed on a circular saw, the por- 
tion for the curved part being made separate. After the core 
box is finished as shown in Fig. 41 (<■), the piece for the end 
is turned up and put in position, this piece being similar lo 
that shown at e or d. Fig. 38 {/). Owing to the fact that 
this core is not symmetrical, it will be necessary to make 
both halves of the core box. 



PATTERNS AND CORK BOXES FOR 
BRANCH PIPES. 

52. Pipes Havlns Branches at Rlslit Angles to 
the Body. — The patterns for branch pipes have many 
features in common with the bent pipes that have already 
been described. The only difference presenting difficulty 
in making this class of patterns lies in the forming of the 
joint between the main body and the branch piece. 

When the body and the branch have the same diameter, 
and stand at right angles to each other, as illustrated in 



Fig. 42, the following construction for the pattern may be 
used for medium-sized and small patterns. The stock for 
the branch and the body is gotten out and doweled together 
as in the case already described, after which the two pieces 
may be turned to the form shown in Fig. 43 (<?). The piece n 
for the body has a core print turned at each end, while 
the piece b for the branch has only one core print and the 
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opposite end is left square. The distance cd on the branch 
pattern should be equal to just half the length if/^hen the 
branches are all to be of the same length. The distance ef 
is not made equal to the entire length of the main body 
of the pattern, but is shorter by an amount equal to twice 
the width of the flanges and the part necessary to make the 
fillet back of the flange. 





After the pieces are turned, the line gk is drawn across 
the end of the branch pattern at right angles to the joint 
between the two pieces. The corners of the pattern are next 
cut off to this line, as shown in Fig. 43 {b), the angle i being 
made 90°. Some patternmakers cut the corresponding 90° 
from the center of each piece of the body and then join the 
parts together, but, in the pattern shown, the joint is made 
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by cutting out the piece a be. Fir. 43 (b). and then joining 
the branch against the hi.dy of the main pattern. The 
part abc may be removed by clamping half of the branch 
pattern to a block, as shown in 
Fig. 44, aflerwhich the piecea^r 
can be removed by means of the 
band saw. 

53. The branch and body arc 

fastened together by means of 

glue and screws. The operation 

is made easier by applying the glue first and then clamping 

them to a board while the glne is setting, as shown in 

Fig. 45 {a). A piece of heavy paper should be placed between 





the board and the pattern to prevent the latter from adher- 
ing to the former. To further strengthen the joint, a dove- 
tailed piece may be set in flush with the face of the pattern 
between the branch and the body, as shown at a. Fig. 45 {b). 
54. The flanges may be turned to the form shown in 
Fig. 4G, the opening through the center being made of such 
diameter that it will just fit the 
core prints. The fillet between the 
body of the pattern and the flange 
is turned upon the flange. The 
methixl of joining these flanges to 
the pattern by means of screws is 
shown in Fig. 45 {b). In this pat- 
tern, the dowels are usually put in Fia.4a. 
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the three core prints, as shown. The fillet at a, Fig. 43, 
may be made of leather or wax. 

55. Core Box for Pipe Having Branches at RlKht 
Ancles to the Body. — The core box used for this style 
of pattern does not differ materially from those already 
described and is of such form that it can be very easily con- 
structed. Fig. 47 illustrates the core box for the casting 
shown in Fig. 43. It will be noticed that it consists almost 
entirely of straight work. The portion between the lines a b 
and cd oi the main body and between ac and ef ot the 
branch can be worked out by removing the major part of 
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the stock with a circular saw and finishing with gouges, A 
small portion of the branch at g can be formed by placing 
the finished branch box against the outside of the portion 
for the body, and marking the curve upon the latter, after 
which lines may be squared across the surface of the body 
and the portion removed by means of gouges or chisels. 
The ends for the core boxes are provided with draft as usual, 
and the entire structure may be strengthened by screwing 
or gluing a board on the back, 

56. Patterns for Pipes Having Branches Not at 
Right Angles to the Body. — When branch pipes of the 
form shown in Fig. 48 are required, the method of procedure 
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is somewhat different from that already described, the prin- 
cipal difficulty being to determine the form of the ji>int be- 
tween the branch and the main pi|>e. The parts for the 
pattern may be turned out in a manner similar to that illus- 
trated in Fig. 43, although in this case it is probable that 
the sockets and core prints would both be turned on the 
parts of the patterns. 

In order to determine the form of the joint between any 
two cylindrical sections intersecting at an angle, the follow- 
ing method of laying out may be employed: On a piece of 
heavy drawing paper, lay off the outlines of the stem and 
branch in their proper relative positions, full size, as shown 
in Fig. 49, /being the main pipe and j 
the branch. All the drawing must be 
done carefully with fine pencil lines. 
Above the plan, a line tc should be 
drawn perpendicular to a center line of 
the body of the pattern, as shown 
' at / VI. Upon this line describe the 
semicircle km it equal in diameter to the 
main body of the pattern, and at one 
side erect a perpendicular i ^ and upon 
it describe the semicircle n&c, equal in 
diameter to the branch pipe. Taking 
^'°- *■ any point on the branch section, as, for 

instance, the highest point directly over 1, draw the line d d' 
parallel totiuntil it intersects the circle ;67« « at i'. This 
determines a line on the surface of the body of the pattern 
at the top of the intersection with the branch. Draw the 
line l>' b" and somewhere in this line, on the body of the pat- 
tern /, can be .found the highest point of the intersection 
between the main body and the branch. On the end of the 
branch lay off the point 1' in the center of the line rtV and 
draw the line 1' b" along the center of the branch j to 
where it intersects the line b' b" , which will give the desired 
point b". 

Proceed in like manner for any other point, but, in all other 
cases, two points will be obtained at each time, owing to 
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the fact that any other plane nearer the line kc will inter- 
sect the branch in two points, as, for instance, if the point 2 
is selected and the distance from i to ^ is made equal in both 
drawings, and a perpendicular 2e drawn until it intersects 
the curve representing the cross-section of the branch. By 
drawing the line ce* parallel to kc^ an intersection of the 
circle knin at e' is obtained, and then the line //"" is drawn 
parallel to the center line /;//. Now, lay off on the line^V 




Fig. 40. 



the distances V-2* each side of the center, and through these 
points draw lines parallel to V b". These will intersect the 
line e' f" at /" and e'\ giving two more points in the inter- 
section. In like manner, by taking points 3 and 4 and 
carrying the lines around as shown, the points g'\ h'\ o'\ 
and /" . may be obtained. A curve o" b" p" is then drawn 
through these points. 
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When the curve marking the intersection of the two parts 
has been drawn, the paper must be carefully cut to this line, 
thus forming templets for marking both the body and the 
branch. These templets are laid on the face of the branch 
and body and the proper curve drawn on each. The por- 
tions on the branch and body of the pattern defined by these 

curves may be cut out on the band saw 
if the parts are so held that the flat face 
is parallel with the top of the saw table. 
To accomplish this, a form like the one 
shown in Fig. 50 may be made and the 
pattern clamped into it so that the face a 
of the pattern is parallel with the saw table. After the 
pieces have been cut to the curves, the branch and body 
are fitted together closely and glued in place. Frequently, 
dovetailed pieces similar to that shown at ^, Fig. 45 (^), are 
employed for securing the pieces together, and a leather or 
wax fillet is placed on the outside at the junction between 
the branch and the body of the pattern. 

57* Core Box for Pipes Having Branches Not at 
Rlffht Angles to the Body. — Owing to the fact that the 
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casting illustrated in Fig. 48 is not symmetrical, it will be 
impossible to use a half-core box unless some special provision 
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is made for obtaining both halves of the core. Fig. 51 
illustrates a special style of core box that may be used in 
such cases as this. The core box is constructed with two 
branches a and b and both branches are provided with stop- 
off pieces c and d^ which can be put in place and secured by 
pins in the holes e and/. For making one half of the core, 
one of the stop pieces is employed, and for making the 
other half, the other stop piece is employed. The other 
features of the box are so similar to those already described 
that it will not be necessary to consider them in detail. 



BUILT-UP ANNULAR PATTERNS. 

58. Advantages. — When large patterns having the 
general form of flat rings, similar to the one shown at 
Fig. 52 (rz), are required, they are commonly built up of 
segments. Such patterns are used for making pulley rims, 
ring forms, and for similar purposes. If the pattern is 
comparatively small and for temporary use, it is occasion- 
ally turned from one piece, as shown in Fig. 52 (^), but in 
this case the grain* will run across the pattern along the 
line aa^ and, if the ring is thin, there is great danger of it 
breaking at this point, unless considerable care is exercised 
in its use. The shrinkage of the wood is always across the 
grain, and, hence, such a pattern as this would soon become 
smaller across the diameter b b rather than across the diam- 
eter a rt, and the form would become elliptical. For these 
reasons, ring patterns are rarely turned from solid stock. 
Ring patterns must be turned on some form of large face 
plate. These face plates are generally made of wood. 

59. Preparation of Wooden Face Plates. — Before 
turning an annular pattern, it is necessary to prepare a 
wooden face plate upon which to build it up, and also to use 
as a support during the turning. The manner of making 
this face plate depends on the diameter of the pattern to 
be turned. In the case of patterns not over 20 inches in 
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diameter, the face plate may be built of strips supported by 
cleats on the back, as shown at Fig. 52 (c). Heavy screws 
must be used for securing the cleats and for fastening the 
iron face plate to the wood. For ordinary work, No. 18 
screws of such a length that they will permit the surface to 
be faced off several times before the chisel comes in contact 
with them, are suitable. 

60. Wooden face plates of large diameter may be con- 
structed as shown in Fig. 52 (d). Two or more cross- 
pieces are placed across the face plate, and, in case two are 
used, they are halved together as shown in Fig. 52 {e). 
The iron face plate is secured to these cross-pieces by means 
of screws and bolts. The ends of the cross-pieces can then 
be faced off so that they will run true when revolving in the 
lathe. The cross-pieces should be so balanced that they will 
not shake the lathe badly when the work is running. Care 
must be taken not to catch the turning tool in the cross- 
pieces while facing them. 

After the cross-arms have been faced, the four seg- 
ments i, j\ ky and / can be fitted to them. The segments 
should be carefully fitted at a^ by c^ and d^ and firmly 
screwed and glued to the cross-arms. The segments 
should be made in such a manner that, when they are put 
together, the circle formed by them will be at least 1 inch 
larger in diameter than the length of the cross-arms. In 
order to strengthen the entire structure, four corner 
pieces ^, /", g^ and h may be fitted on the arms between 
the segments. After the glue is dry, the face plate may 
be turned off and faced true, when it is ready to have the 
pattern built up upon it. 

61. Building up of RIns Patterns. — It will be 
noticed that the plain ring pattern shown in Fig. 52 {ci) is 
built up of a series of segments placed one upon the other, 
and that the joints in any given course do not come directly 
over those in the adjoining course. This makes a strong 
pattern, as each course is made to bind the adjoining one. 

5". Vol IV,— 7, 
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The grain of the wood is made to follow the circle as nearly 
as possible, which makes the shrinkage of the pattern uni- 
form, thus maintaining a true circle. Before fitting the 
first course on the face plate, pieces of paper at least 2 or 
3 inches wide should be glued to the face plate where the 
end joints will come. Some patternmakers prefer to cover 
the entire face plate with paper. 

When the segments for the first course have been made 
ready, the under sides of the segments are glued to the 
pieces of paper on the face plate, care being taken not to 
allow any glue to run off the paper on to the face plate so 
as to glue the pieces directly to the face plate. Th« ends 
of the segments must be fitted carefully, on account of the 
fact that if they are badly jointed, as shown at Fig. 52 (/), 
the corners will break out when the patterns are being 
turned on the inside. It is better that the joints should be 
open on the outside rather than on the inside, if they are 
open at all, on account of the fact that there would be less 
tendency for the corners to break off on the outside than 
on the inside, owing to the direction of the grain on the 
inside, as shown at Fig. 52 {/). 

62. In order to true the ends of segments, a trimming 
machine may be used and this will usually give the desired 
finish, but when very fine joints are required, they are fre- 
quently fitted by planing on what is known as a ** shoot 
board." Fig. 52 (^) illustrates this method of doing the 
work, the segment a being laid upon the board d against the 
stop c ; the plane e is placed on the side so that the weight 
of the plane does not come upon the segment, the plane 
being guided by the shoulder/". 

When the first course of segments has been fitted upon 
the face plate, it must be allowed to dry sufficiently to 
stand the strain of facing. When the glue is dry, the face 
plate is placed on the lathe, and a light cut taken off the 
surface of the segments, after which the face plate is 
removed from the lathe and the next course built on. 
When the second course is in place, and before facing it off. 
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the ring should be screwed to the face plate from the back, 
as it is dangerous to trust to the paper alone for holding 
the pattern during turning. 

The pattern shown at Fig. 52 (a) has six segments in 
each course. This number is often increased to eight, ten, 
twelve, or more, depending on the diameter. When the 
pattern has been built up and the glue well dried, it is 
turned to shape in the usual manner. 
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PATTERNMAKING. 

(PART 3.) 



EXAMPLES ILLUSTRATING PATTERN- 
MAKING. 

1. Selecting Stock for Patterns. — It may seem un- 
necessary, after what has been said in Patternmaking^ 
Parts 1 and 2, to lay emphasis on the necessity of using 
great care in selecting stock for patterns. In the case of a 
skeleton or makeshift pattern, second-grade lumber is good 
enough, but in the case of a pattern for machine parts, es- 
pecially when a large number of castings are required, and 
when the pattern may have to be stored for quite long in- 
tervals, the selection of the stock becomes a very important 
item. In such cases, only well-seasoned and well-selected 
lumber should be used. It is probable that more money is 
wasted by the use of poorly seasoned or unsuitable lumber 
in patternmaking than by any other one cause affecting this 
part of the machinery business. The evil consequences of 
the use of bad lumber not only increase the pattern account 
of a firm, but add considerably to the cost of molding and, 
also, to that of finishing the castings in the machine shop, 
since a pattern that is warped out of its original shape be- 
cause it was made of wet lumber will give the molder 
trouble in molding; and the casting, being like the pattern, 
will cause the machinist trouble, thereby increasing the cost 
of production in all the departments because the pattern- 
maker was not careful enough in selecting his material. 
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SKELETON PATTERNS. 

2, General Consideration. — When only one casting 
or a very few castings are required from a large pattern, 
means are sometimes taken in both the pattern siiop and 
the foundry to make the required pattern as inexpensive as 
possible. At times, the pattern is swept up from sand and 
baked, and, again, it is often made of cheap second-grade 
lumber in the least expensive manner. In either of these 
cases, the pattern is practically of one material, that is, it 
is made either of sand or wood. In the class of patterns 
commonly known as skeleton patterns, the pattern is 
made partially of wood and partially of sand. 

3. Pattern for Pipe Bend. — Two views representing 
half of a skeleton pattern for a large pipe elbow are shown 
in Fig. 1. To produce a whole pattern, two boards a are 
sawed out to the shape of the pipe, including the core prints. 




The thickness of these boards depends on the size of the 
pattern and varies from 1 to a inches. The boards are 
doweled together and circular pieces />, b, having the form 
of the cross-section of the pipe and core prints at the places 
where they are introduced, are sawed out and fastened 
upon the boards, as shown. The flanges c, c are also 
prepared and cut out to fit over the boards a. 
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Astrike, or strickle, for each diameter of tlie pattern, i. e., 
one for the portion between the flanges and one for the 
core prints, are also provided for the moldcr. One of these 
strickles is shown at d. Fig, 1. The molder completes the 
pattern by laying down one of the boards, as shown in 
the lower part of Fig. 1, and filling the spaces between the 
circular pieces A, b with sand, the sand being swept off by 
means of the strickle, which is guided by the board a. 
When the pattern is complete, the molder sprinkles parting 
sand over the outside so that it may leave the mold nicely. 
The flask for this first half of the mold is then placed in 
position, rammed up, and turned over, after which the other 
board a is placed on the one shown in the illustration, its 
half pattern being finished up in sand, sprinkled with part- 
ing sand, and the second half of the mold ramme<l up. 
When the fiask is taken apart, the cope usually draws off 
from the upper half of the pattern, after which the pattern 
is withdrawn from the mold and any loose sand that may 
have fallen from the pattern is removed. 

4. Preparation of Core. — The core for the skeleton 
pattern is simply swept up by means of a guide board and 
strickle. These are shown in Fig. 3, a being the guide 



board and x the strickle. The guide board is clamped or 
weighted down upon an iron plate and the half core swept up 
as shown in the illustration, </ being the core. The points c, c 
should be protected from e.\cessive wear upon the iron plate 
by driving one or more nails into them. After one half the 
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core has been swept up, the guide board is turned over and 
the other half swept up, to match the portion already made. 
During the work, one edge of the strickle is kept in contact 
with the guide board, care being taken to see that the 
strickle is always perpendicular to the guide board when 
following its straight portions, and perpendicular to a tan- 
gent, i. e., forming a radial line, when following the curved 
portions. In the case of large pipes, the skeleton patterns 
are frequently made so as to leave a core. The pattern is 
a frame having the same thickness as the metal and is so 
arranged that strikes can be used on the inside or outside. 



PATTERNS INVOLVING AUXILIARY PATTERNS. 



TOOL FOR LAYING OUT HEXAGONAL PARTS. 

5. In a number of the following examples, it becomes 
necessary to lay out a hexagonal part of the pattern, and a 

p very convenient tool for this 
)f purpose, and one that can 
easily be made by any pat- 
ternmaker, is illustrated in 
Fig. 3. This tool is made 
by fastening a metal plate, 
or plates, upon a wooden 
frame, as shown, I? being a 
cross-section at that point. 
In the metal plate, an angle 
/^^of 60° must be cut. The 
wood mounting for the metal 
plate must be cut to another 
angle /int. In order to find this second angle, draw the 
line ae bisecting the angle y"^^, and at any point, as ^, draw 
the line dc perpendicular to ^r at ^ and intersecting the 
lines a/ and n^ at d and c. With a radius od, or oc, 
draw the circle dec. Then draw the lines at and a /i tan- 
gent to the circle dec. By cutting the wood to this angle, 
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the tool is so constructed that when placed upon any circle, 
as shown, it will determine two sides of a hexagon, the 
distances dj\ j k^ and k c all being equal. The stock has 
then simply to be turned to the diameter over the corners of 
the hexagon, commonly called the long dikmeter of the hex- 
agon, after which the hexagon can be laid out by using the 
tool, as shown in the illustration. 



GLOBB-VALVG PATTERNS. 

6. General Consideration. — Small globe valves are 

generally cast of brass, while the larger sizes are made of cast 
iron. The latter are also known as stop valves^ and some- 
times as throttle valves. The method of making the smaller 
sizes differs from that of making the larger, the former being 
molded by machine from several patterns attached to the 
plate with a gate connecting all the patterns. As many 
as eighteen patterns of very small-sized globe valves are 
often attached to one gate on the plate and molded together. 
When this is done, the portion of the pattern on one side of 
the parting line is mounted on one side of the board, and the 
portion on the other side of the parting line on the other 
side of the board, great care being required to place the por- 
tions exactly opposite each other. The methods of molding 
with this style of patterns will be treated in Foundry Work. 

7. Pattern for Small Valve Body. — The method of 
making the pattern and core boxes for a IJ-inch globe valve 
will next be considered, only one pattern being treated, 
although two or more may be molded in one flask. The 
manner of making the pattern and core boxes is the same 
whether one or more patterns are required, and whether they 
are required for matched-board work or not. Fig. 4 {a) 
and (b) represents two views of a globe valve, {a) being a 
section. 

8. The making of the pattern for the body will be con- 
sidered first. This pattern is comparatively simple, it being 
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possible to turn most of it on a lathe. Fig. 4 (r) and (d) 
illustrates the pattern, together with several of the points in 
its construction. Two pieces of stock about 8 inches long, 
3 inches wide, and 1^ inches thick are cut out and jointed 
and doweled together carefully. The stock is made of this 
length in order to enable the patternmaker to glue the ends 
together so as to hold the pieces in place during turning. 
When this method is followed, care should be taken that no 
glue gets between the parts of the pieces that are to form 
the pattern. Sometimes a nail or screw is also placed in the 
end to aid the glue in holding the pieces together. If, how- 
ever, good glue is employed, and it is allowed to dry before 
turning, these metal fasteners are not required in the case 
of small patterns. 

A templet should be made as shown at ^, Fig. 4 {c). This 
templet may be made from a board i inch thick, or from a 
piece of sheet metal, and is used as a guide in turning the 
pattern to the right shape, the proper allowance being made 
for finish and shrinkage. The ends on which the hexagons 
are made are usually turned a little larger in diameter than 
the long diameter of the hexagon, as, otherwise, in forming 
the hexagon there is some danger of making it too small. 

After this first portion of the pattern has been turned, the 
globe body must be planed off to the line de, as shown, and a 
piece turned and glued on to form that part of the valve into 
which the bonnet ^, Fig. 4 («), is screwed. The two core 
prints a and b, Fig. 4 (r), are turned on the body of the pat- 
tern, and the core print for the bonnet, _/*, Fig. 4 (^), is turned 
on a piece that is glued upon the side as shown. This piece 
should be turned from two pieces that have been jointed and 
fastened together on a chuck. Care should also be taken to 
see that the grain runs in the same direction both in the 
body of the pattern and in the piece that is glued to it. 

9. Varnishing the Patterns. — After turning any 
pattern with core prints, and before taking it out of the 
lathe, it is well to varnish the core prints with yellow shel- 
lac varnish. If this is not done, the unclean appearance that 
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they usually have as the result of handling before the var- 
nish is applied is avoided. This precaution applies only in 
cases where the core prints are simply painted with yellow 
varnish and not with a color. 

After the turning is completed, the hexagonal ends of the 
pattern are formed, as shown in Fig. 4 (d). 

lO. Core Boxes for the Body of Globe Valves. — 

The core boxes and the core that form the inside of the 
valve are not as easily made as the pattern. The exact 
shape of the core should be studied carefully before at- 
tempting to make the core boxes. In Fig. 4 (e) is shown 





Pig. 6. 

a section through the core; Fig. 4 (/) shows the com- 
pleted core together; and Fig. 4 (jg-) shows the two parts 
a and d separated. It is practically impossible to make 
such complicated cores as these in ordinary wooden boxes, 
and hence it is necessary to make iron core boxes, and 
patterns for these must also be made. The.se patterns are 
called auxiliary patterns. The finished core box for 
making the core shown at a. Fig. 4 (^), is shown in 
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Fig. 5 {a) and {6), while in Fig. 5 (c) and (d) is shown the 
core box for making the core shown at ^, Fig. 4 (^). These 
core boxes are usually made of cast iron or brass, nicely 
fitted and doweled together. 

Four patterns for the boxes are made first, one for each 
half, and, as will be seen by referring to the inside views of 
both boxes, much cutting and fitting is necessary for their 
completion. Both boxes are parted along the lines a 6 c, 
and the joint between the two parts of the boxes must be 
made with great care, as the accuracy of the core depends 
very largely on it. The patterns for the core boxes should 
be made of well-seasoned blocks of pine or hard wood. No 
attempt should be made to carve the inside of the boxes 
to shape until the joint has been accurately formed, only 
enough work being done on the inside to enable the stock 
to be brought into place along the joint. 

11. In making core boxes for the body of globe valves, 
it is sometimes best to make models of the required cores 
out of plaster of Paris or wood and then cut these models on 
different lines so as to obtain sections, or to make templets 
by simply projecting sections of the boxes upon a drawing. 
After the insides of the boxes have been carefully worked 
out to templets made from drawings, or to a model that has 
been prepared, castings are made from the patterns and 
fitted together with dowel-pins. 

A projection of the upper part ^, Fig. 5 (a), of the box for 
the core shown at a, Fig. 4 (^), is shown in Fig. 5 (d). It 
will be noticed that in Fig. 5 the halves of the patterns are 
joined together by dowel-pins A. After the castings for the 
core box have been made and fitted together, test cores are 
made from plaster of Paris or lead, put together, and 
located in the mold to see that the core gives the required 
thickness of metal. If it does not, the box is changed until 
it is right, or the pattern is changed and a new box cast. 
Frequently, cores are made in a new core box, placed in a 
mold and a casting made, from which sections are cut to see 
that the metal is of the desired thickness. 
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12. Manufacturers of valves spare no expense in ma- 
king these metal core boxes and are very careful to get them 
correct, because of the large number of valves made. The 
core box for the core ^, Fig. 4 (^), is shown at Fig. 5 (^), 
Fig. 5 {c) being a projection of the lower portion. It will be 
noticed that the core box shown in the two views (a) and 
(A), Fig. 5, has only one opening through which the core 
material can be introduced, this opening being at the end a^ 
while the core box shown in Fig. 5 {c) and {d) has three 
openings, one at the end ^, one at ^, and another at e. 

1 3. Pattern for the Valve Bonnet. — The pattern 
for the valve bonnet ^, Fig. 4 («), may be made as shown in' 
Fig. 6 (tf), which illustrates one-half of the pattern. In 
order to make the pattern, two pieces of pine should be 
jointed and doweled together in the ordinary way and the 
pattern turned to the form shown, necessary allowance 
being made for finish. After the pattern is turned, the 
core print should be varnished and the hexagonal portion a b 
given the required form, using the tool described in Art. 5. 
The large core print c is turned a little larger on the end 
than where it joins the pattern, for reasons that will be 
described later. The small core print d is turned parallel. 

14. Core Boxes for Valve Bonnet. — By referring 
to Fig. 4 {a)y it will be noticed that the bonnet b has a 
rather complicated core, the portion c being cored out for 
clearance, while finish will be required at d to form the bear- 
ing for the valve stem a^ and at e for the thread, the lower 
portion y" being cored out both for clearance and lightness. 
In order to produce this complicated series of openings, 
two cores are necessary. These are illustrated in Fig. 6 (^), 
the larger core a being represented in section, and the 
smaller core ^, solid. When similar cores are made larger, 
the smaller one should be arranged to go through the 
larger one, so as to give it better support, but for small 
work, such as is here illustrated, the method shown will 
give sufficient strength. 
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15. The core box for the larger core is shown in 
Fig. 6 (c). This may be turned up on a screw chuck 
from a single piece of wood, the grain running in the 
direction shown in the illustration. The reason for making 
the large print r, Fig. 6 (a), on the pattern tapered is that 
this box must be given draft on the inside, to allow the 
removal of the core. The small print ^, Fig. 6 (c), is to 
receive the end of the small core, as shown in Fig. 6 {d). 
When making a core from these boxes, a nail or wire should 
be inserted into the hole in the end of the print a. When 
the core is rammed up, this nail is withdrawn, leaving a 
hole through the core, as shown in Fig. 6 (i). 

Owing to the small^ size of the core i, Fig. 6 (i), it is well 
to make both halves of the box, for, if such small half cores 
were pasted together, they would not be as strong as the 
solid core. Fig. 6 (d) illustrates one-half of the necessary 
core box. The chamber a may be cut out with a carving 
gouge, or a box may be made in several pieces and each 
worked or turned out by itself. It is customary to make 
the box of at least two pieces, dividing it on the line b c so 
that the straight portions^ and e can be worked out parallel 
and the tapered portion /" turned out by itself. 

1 6. Patterns for Small Details of the Valves. — 

The pattern for the packing nut can be made as shown in 
Fig. C (i'), which gives both a plan and an elevation of the 
nut. This pattern can be made to leave its own core by 
turning it out on the inside, as indicated by the straight 
dotted lines 6 in the upper view, the recess a a being omitted. 
In such a pattern as this, the grain is usually allowed to run 
lengthwise of the nut, the end grain being shown in the 
lower view. To make this pattern, a piece of w^ood is placed 
on a screw chuck and the outside turned to a diameter suffi- 
cient to allow the hexagon to be formed. Sometimes, a more 
elaborate solid pattern is made for the nut and a separate 
core box used. This is always done when it is desired to 
core out a clearance at the upper end of the nut, as shown 
by the dotted lines at tf. Fig. G {e). 
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1 7. The patterns for the valve and valve nut may be 
turned from one piece of wood, the wood being screwed on to 
a small face plate or screw chuck, and the valve pattern, 
Fig. 6 (/), is turned as shown in the illustration, with the 
exception of the portion marked a. In turning, the face b 
should be toward the chuck, so as to enable the pattern- 
maker to turn out the recess c. After the pattern is turned 
nearly off, it should be smoothed and varnished and then 
cut off. The rectangular projection a is fastened on after- 
wards, it being intended for the use of the machinist while 
grinding in the valve. After the valve has been cut off, the 
nut. Fig. 6 (^), can be turned, the face a being nearest the 
chuck during the turning. After the piece has been turned, 
smoothed, varnished, and cut off, the flats b for the wrench 
may be formed with a plane or chisel. The valve spindle. 
Fig. 6 (A), can be turned from one piece as shown. Patterns 
of small diameter like the valve spindle are not usually made 
in halves, because they would be too weak, and liable to 
break. 

1 8. Where a large number of castings are to be made, 
it is very common practice to make such pieces as the valve 
nut and valve spindle in halves and to place them upon a 
card or a match board. At other times, the patterns are all 
made solid and a match, or odd side, is made from plaster 
or oiled sand, separate places being made to receive each 
pattern. 



PATTERNS AND CORE BOXES FOR THREE- 

\I^AY COCK. 

1 9. General Consideration of tlie Valve. — Before 
attempting to make the patterns for this valve, it is well to 
look somewhat into its characteristics. In Fig. 7 {a) is 
shown a plan of the top of the valve, and in Fig. 7 {c) is 
shown a front view, while Fig. 7 {b) shows a section of the 
valve on the line A B. It will be noticed that there are stops 
s, s' on the casting, against which the pin a on the plug or 
5. Vol. IV.^S. 



PATTERNMAKING. 




§ 33 PATTERNMAKING. 15 

valve comes to rest. These stops are so placed that the 
plug cannot make more than a quarter of a revolution. The 
construction and operation of the valve can be best under- 
stood by referring to the sectional view shown in Fig. 7 {6). 
As shown in this illustration, the plug is in such a position 
that the openings x and js are in line with the straight por- 
tion of the body, so that water or steam entering at a passes 
straight through the cock. By turning the plug one-fourth 
of a revolution, as indicated by the arrow ^, the opening x 
will come to the position y, the opening y will come to the 
position ^, and the opening z to the position w, thus turning 
the flow at right angles and out through the side of the 
cock at w. 

20. In making patterns and core boxes for. this cock, 
the necessary allowance for shake, shrinkage, and flnish 
must be made in each case. The outside of the main body 
of the pattern and much of the inside will require no finish, 
and, also, in many cases, the hexagonal parts are cast to 
their finished size ; but the portions that have to be threaded 
and the portion of the body that is to receive the plug must 
be provided with sufficient stock for finishing. 

21. Pattern for Valve. — The pattern for the valve 
is made in two parts, with a third part fitted to one side, 
as shown in Fig. 7 {/). One half of the pattern is shown 
in Fig. 7 (r). The pattern is parted on the line c d, and 
the hexagonal side piece ^, with its fillet, is made separate 
from the body of the pattern, the division being made 
along the line a a. This piece e has a hole turned through 
it that fits over the core print/. 

To make this valve pattern, two pieces of stock of suffi- 
cient size to make the piece shown in Fig. 7 {e) must be got- 
ten out. These pieces are jointed and doweled together, the 
dowels being located at b and ^, as shown in Fig. 7 (e). The 
pieces of stock may be gotten out somewhat longer in each 
direction than the pattern, and secured together by glue at 
the ends, or they may be glued together with paper between 
them. 
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If it is intended to make the body of the pattern without 
fastening on separate pieces, all the work cannot be done by 
turning, but a portion of it will have to be done with gouges 
and chisels after the turning is completed. Before turning, 
two lines should be laid off on the block at right angles to 
each other. These will correspond to the center lines A B 
and C D, Fig. 7 (<:). A portion of the pattern along the 
line A B may be turned first. While in this position, only 
the core prints and the pieces from which the hexagonal 
ends are formed, together with their fillets, can be turned. 
When this operation is completed, the pattern is placed 
in the lathe at right angles to its former position and the 
other two core prints, and the part of the pattern outside of 
the dotted lines x x smdyy is turned. It should be noticed 
that the core prints g- and // are turned tapered and that 
the taper of the two prints is in line; that is, their outside 
surfaces will form a portion of the surface of a cone. 
The reasons for this will be explained later. 

22. After the pattern is turned, the portion of the body 
that could not be finished in the lathe is formed by means 
of chisels and gouges, but, before proceeding with this 
work, it is best to true up the surface a a, planing it off par- 
allel to the joint of the pattern along the line c d and allow- 
ing the proper distance between these two faces. After the 
surface a a has been planed, a circle is struck on it with a 
diameter equal to the distance a a. The body of the valve 
is then carved to the desired shape. The print / is shown 
by the dotted lines as extending to the surface a a. This 
print is turned with the small pin d on the end, which is 
glued into a hole drilled in the surface a a. The loose piece 
to form the hexagonal flange e can be turned up with a hole 
in it that will just fit over the core print. This piece is 
kept in its proper relation to the body of the pattern by 
means of the small dowel-pin /*. 

It will be noticed in Fig. 7 {a) and (r) that the stops j and / 
are slightly removed from the center lines. If it is attempted 
to mold the stop s' in its proper position, the molder will 
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meet with considerable difficulty, but as the distance of the 
stop from the center line CD is only equal to half the diam- 
eter of the pin a^ Fig. 7 (tr), it is possible to place the stop on 
the pattern flush with the joint, as shown at 6, Fig. 7 (/"), 
the stop being filed back the desired distance after the 
casting is completed. 

23. Method of Molding. — Before proceeding with 
the discussion of the core box, it may be well to notice the 
method of molding this pattern, as this has considerable 
bearing both on the construction of the pattern and on the 
core box. The portion of the pattern marked w, Fig. 7 (/"), 
is supposed to go in the cope, or top part, of the mold and 
is shown there in Fig. 8 {a). In this illustration, the bot- 
tom part of the mold, or drag, has been omitted. The 
slab core c is shown as fitting over the core print/'. In the 
process of molding, before the slab core is placed in posi- 
tion, the pattern with the loose piece about the core print is 
placed in position and sand rammed up in the cope as far as 
the surface //, flush with the top of the loose piece of the 
pattern. This sand is then struck off and the loose piece 
withdrawn, after which the slab core is placed over the core 
print, the surface resting on the surface of the sand //. 
The ramming of the cope is then continued, care being 
taken not to strike the slab core while this is being done. 
This method may be pursued where only a comparatively 
small number of castings are to be made. When a large 
number of castings are being made, it is usual to provide 
the mold with an extra parting line; in other words, to 
mold the casting in a three-part flask. The slab core is 
made in a simple rectangular core box with one print in the 
bottom. 

24. Core Box for Three-Way Cock. — One of the 

core boxes for the body of the three-way cock is shown in 
Fig. 8 (b). It will be noticed that the main portion of the 
core is tapered, and from this it will readily be seen why 
the core prints^ and // in Fig. 7 {e) were tapered. By ma- 
king these core prints tapered, and having this portion of 
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the core box formed as shown, it is much easier to work out 
the material to the desired form. 

A one-half box is sufficient for this core, as both half 
cores are similar, the only difference being that one half 
core must be made without the print a shown in the box. 
The print a is, therefore, doweled on so that it may be 
removed and readily set in place again. This print is in- 
tended to receive the end of the side core that is made in 
the box shown in Fig. 8 {d ). 

The stock for this core box, Fig. 8 (^), must be thick 
enough to leave sufficient strength in the back after cutting 
away the material at the largest diameter. Four pieces are 
secured to the outside of the box, as shown, and clearance 
for draft on the ends of the core is cut from these pieces. 

25. The core for the side opening is made separate. 
Fig. 8 (rf), (^), and (/*) shows three views of the box in- 
tended for this purpose. A complete box should be made 
for this core, the parting being on the line a b, and the two 
pieces doweled together, as shown. The end bb^ Fig. 8 (^/), 
must have the same taper as the plug part of the main box. 
The portion rf, which is intended to form the projection 
that goes into the print left by the piece a, Fig. 8 (^), must 
be shaped to correspond with the print it is intended to fit, 
and the end c must be formed to correspond with the print p 
on the pattern Fig. 7 (/). The general construction of the 
box needs no comment, as it is similar to the core boxes 
already described. 

26. Pattern for Pluff. — The pattern for the plug is 
shown in Fig. 8 (^) and is made in halves, being parted di- 
agonally across the square head, as shown. This pattern has 
three core prints, the two prints a on the parting line, and 
the print b on the side. The two prints a may be formed 
by letting in a piece of wood that will go directly across the 
pattern, the grain being at right angles to the main portion of 
the pattern. This is the strongest construction. The print b 
can be made of a separate piece of wood and be attached to 
the main portion of the pattern. On the square end e of 
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the pattern no allowance for finish will be required, but on 
the rest of the surface an allowance must be made. 

27. Core Box for tbe Plui[. — The manner of coring 
out the plug is shown in Fig. 7 (ti). If a half box is made 
to serve for making the two halves of the cores, it will be 
necessary to fit a loose piece into the recess b, so that one- 
half of the core can be made without the projection that 
forms the side opening 6, Fig, 7 (it). One point that must 
be observed in making the core and locating the core prints 
for the plug, is that the core is supported by the prints a, a, 
Fig. 8 (A), and hence this portion of the core box and pat- 
tern must be made very carefully, so that the prints will 
make a good fit in the mold, for, if they do not, the plug is 
liable to be thin on one side and thick on tbe other. 



*■ 



PATTERNS FOR WHKBLS AND GBARS. 
28. ^^heelsorGears Hnvlnfc a IVeb or Plate In 
Place of Armtt. — When the diameter of wheels is not 
great, as, for instance, in the case of small gears or pinions, 
f a plate or web takes the 
place of a series of arms. 
In case the pattern is 
divided into two parts, 
the web, if thin, may be 
placed entirely on one 
part, the other half of 
the rim and the hub 
being made loose, or each 
half of the pattern may 
be made with one-half of 
the web. In either case, 
the stock for the web can 
be joined up as shown in 
Fig. !>. When the web is 
n Fig. 0, these parts may 
lank, as shown at a. The 
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composed of six parts, as shown 
be sawed out from the board or i 
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ends of the pieces should be finished on a trimmer and shoot 
board, so as to make perfect joints at b, b. 

29. In order to strengthen these joints, a tongue c 

should be introduced into each joint. These tongues should 

be made of hard wood with the 

grain running at 45" to the joints. 

Any number of pieces can be got- 
ten out in a manner similar to 

that shown at a. After the pieces 

are glued together, as shown, they 

may be sawed to approximately 

the required diameter with a band 

saw, and the courses, or segments 

for the rim, built up on the disk. 

It is usually unnecessary to have 

the pieces extend to the center, 

as the hub will cover this central ''"'■ "^' 

opening, although there are times when it becomes necessary 

to make a solid web without the hole in the center. In such 
a case, it is easier to leave a small 
opening at the center and stop it 
by gluing in a separate piece. 

30. n^tteel Patterns 
HavlDK Four Arms. — When 
four arms are required, they are 
usually half checked together 
when the thickness at the center 
will permit doing so. Figs. 10 
and 11 illustrate two methods of 
checking together two forms of 
In Fig. 10 the arms are 
broad and flat and the pieces 
are simply checked together. In 
Fig. 11, the required arms are of considerable depth, and 
hence must have considerable draft. It will therefore 
be necessary to make the joint between them at a equal to 
the width b of the narrowest side of the arm. 
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31. n^heel Patterns With Six or More Arms. — 

When six or more arms are required, they may be joined 
together as shown 

I in Fig. Vi. When 
this method is em- 
ployed, the pieces 
are prepared as 
shown at Fig. 12 
(a), each piece be- 
ing wide enough 
to form the round 
corners of the arm 

near the hub and 

rim, and long 
enough to allow 
M the ends of the 

^^'^- '*■ arms to be built 

into the rim of the wheel. The pieces are joined together 
with tongues, as shown, the joints at the center being made 
by means of a trimmer and shoot board. The outline of 
the finished arms is shown 
in the dotted lines, Fig. 
12 (/'), and the hub is shown . 
in Fig. 12 {/>) and {c). 

32. When the stock of 
the arms is thick enough to 
allow it, the method of 
joining shown in Fig. 13 
may be employed. In this 
case, the joint is made as 
follows: The stock for the 
arms is dressed to the re- 
quired width and thickness and a line made lengthwise 
on the center of both faces of each piece with a gauge. 
At the middle of the line on one side of the pieces shown 
in Fig. 13 (rt) and (c), and at the middle of the line on 
both sides of the piece shown in Fig. 13 {6), a circle equal 
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to the width of the piece is struck with a pair of dividers. 
In the case of six arms, a bevel is set to 60° and one 
set of lines laid off tangent to the circle and, in the case 
of (a) and (c), the bevel is then reversed and two other 
lines are laid off on the same side, which will cross the first 
ones at the center. The piece shown in Fig. 13 (d) is 
marked in the same way, except that instead of the four 
lines being on one side, two are on one side and two on the 
other, as shown. The gauge is now set to one-third the 
thickness of the stock and marks made along the edges of 
the arms. The pieces shown in Fig. 13 (d) and {c) are 
gauged from both sides, while the one shown in Fig. 13 (a) 
is gauged from one side only. 

The first operation of checking is carried out as follows: 
The piece shown in Fig. 13 {a) is checked on both lines to 
two-thirds its depth in the first operation. The piece shown 
in Fig. 13 {b) is checked on alternate sides to one-third its 
depth, as shown, while in the case of the piece shown in 
Fig. 13 {c)y the checking is carried out in two operations. In 
the first operation, the checking extends to one-third the 
depth, so as to obtain the surfaces a and ^, which shall be equal 
in depth to the check shown at ^, Fig. 13 (d). After this por- 
tion of the material has been removed, the stock is checked 
along the other two lines to the gauge lines representing two- 
thirds the thickness of the stock, so as to obtain the surface c. 

If these three pieces have been accurately cut as described, 
they will fit together so as to form six arms. Before gluing 
the pieces together, care should be taken to see that the 
joints do not fit too tightly, as this may distort the arms, 
tending to bend them out of the plane in which they belong. 



PATTERN FOR SHAFT COUPLING. 
33* General Consideration of Casting Required. 

The finished casting is shown in Fig. 14 {a) and (6). This 
casting is to be finished all over, with the exception of the 
recess a^ and hence stock must be allowed on all surfaces 
to be finished both inside and outside. No allowance is 
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made for the bolt holes b, as these will be drilled subse- 
quently through the solid metal. 

34. Construction of the Pattern. — Fig. 14 {c) 
shows a section of the pattern, and Fig. 14 (;/) a projection. 
It will be noticed that the disk is built up of two layers, or 
courses, a and b, the courses being joined together like those 
shown in Fig. 0, except that the tongues are omitted. 
These tongues are unnecessary in this case, because the two 




c arranged so as to break joints, as indicated by the 
dotted lines in Pig. 14 (d). The hubc and the core print d 
are turned separately, with pins on them to fit the hole g in 
the disk, thus making it easy to have them concentric with 
the outer circle of the coupling. The core print rf should 
remain loose so that it may be removed for laying the pat- 
tern flat on the board in the first operation of molding. 



8 S3 PATTERNMAKING. 25 

The hub is glued in place. In this pattern, draft is allowed 
on all surfaces from the face /, The core print h is turned 
with the hub c. 



PATTERNS FOR CVLlNnER HEAD ANn COVER. 
35. Cooatructlon of Cylinder Head. — The cylinder- 
head cover chosen to illustrate this style of pattern is shown 
at Fig. 15 (rt) and {fi), the cylinder head being intended for 




a Corliss engine, 
with the cover b i 



Fig. 15 (i) shows a section of the head 
I place. This same head may also be used 
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for a slide-valve engine by filling up on the pattern one of 
the spaces marked tf. These spaces are also shown by dotted 
lines in Fig. 15 (a). 

36. Pattern for Cylinder Head. — Having selected 
dry lumber, proceed to build the pattern for the cylinder 
head as shown in Fig. 15 (c) and (d), remembering to allow 
stock for turning or finishing where the marks / and p 
appear on the drawing, Fig. 15 (^), / standing for finish 
and/ for polish. 

Before proceeding to build the pattern, a full-sized section 
of the head should be drawn in order to determine the thick- 
ness and number of courses needed. This drawing will also 
give the width of the courses necessary. In the case in 
hand, four courses have been selected, as shown at /?, d, r, 
and rf. Fig. 15 {d). After planing the lumber to an even 
thickness, and sawing out the segments for each course, it is 
well to stack them up crosswise and let them stand for sev- 
eral days in a dry place to season more fully. 

37. In order to build up the pattern, a wooden face 
plate must be prepared, as shown at £", Fig. 15 (c) and {d). 
After this face plate has been built up and faced off in the 
lathe, the successive series of segments are built upon it, 
each segment being faced off in the lathe after it is in place, 
so as to insure a perfect bearing for the succeeding segment. 
After all the courses have been built up, a templet should 
be cut out, as shown at /, Fig. 15 {d). This templet may 
be made out of a board ^ inch to ^ inch thick, with the 
edges somewhat sharpened, or a thin sheet of metal, and 
the shape should be the same as the cross-section of the 
inside of the cylinder head. The small step on the face of 
the cylinder head, intended to receive the cover, should not 
be provided for in the pattern, as this can easily be turned 
in afterwards by the machinist. The inside of the pattern 
is turned out to correspond with the templet / and the out- 
side of the segments c and ^/ turned to the proper diameter, 
after which the pattern should be taken off from the face 
plate and the face e screwed to the face plate so as to 
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permit the back side of the pattern to be turned. Care must 
be taken to center the outside of the segments c and d 
accurately. It will be seen by the dotted lines in Fig. 15 (a) 
that the grooves a do not extend entirely around the pat- 
tern, but in turning they are turned all the way around 
and the portion g //, Fig. 15 (^a:), is subsequently filled in. 

38. After the pattern is turned, the ribs and the hub in 
the center must be made. The stock for the ribs is checked 
together as shown at a^ Fig. 15 (/"). Before half checking 
the pieces together, it may be well to roughly cut the ends 
to fit the templet /, after which care must be taken to see 
that, in half checking the pieces, they are joined exactly in 
the center, so that when the ribs are located as shown in 
Fig. 15 (^), the small boss will be exactly concentric with 
the head. The ribs should have a little taper to allow for 
draft, and should be made of such a height that the dimen- 
sion ;r, in Fig. 15 (^), will correspond with that shown in 
Fig. 15 (/*). Instead of gluing fillets into the corners at the 
base of the ribs after the latter are fastened in place, it is 
better to glue the fillets to the ribs, as shown in Fig. 15 (/"). 
The hub at the center should also be formed by gluing cor- 
ner pieces into the corners of the ribs, as shown, and turn- 
ing a small hub to go on top of the pattern, as shown at c^ 
Fig. 15 (/*). After the ribs are completed, they are placed 
in the pattern, glued in position, and the fillets at the ends 
of the ribs made and glued into place. 

39. Pattern for Cover. — The pattern for the false 
cover of the head is made as shown in plan and section in 
Fig. 15 (e). The plate is made of strips to prevent it from 
warping, and if the joints are not glued, the danger of the 
pattern cracking is greatly reduced. The strips are held to- 
gether by two courses of segments, one on each side, as shown 
in the cross-section. Two small bosses a are turned and 
located in the center of the plate, as shown. The pieces for 
this pattern are gotten out in the usual manner and turned 
to proper form upon a wooden face plate. In the case of 
large engines, when very thin false covers are used, it is 
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sometimes necessary to make the wooden pattern very 
carefully and to make a supporting form for it; then make 
one casting from this and finish it carefully so that it may 
be used as an iron pattern for all future castings that may 
be required. It is usually best to do this in the case of all 
large, thin castings. The supporting form for the wooden 
pattern may be so constructed as to fill all the space beneath 
the pattern, or it may be a frame supporting the pattern at 
frequent intervals. 



PATTERN FOR CRANK DISK. 

40« General Consideration of Casting Required. 

In Fig. 16 (a) is shown an elevation and two sections of a 
crank disk, one section being taken on the line CD and the 
other on the line A B. It will be noticed that the crank is 
provided with a counterbalance d, which is placed opposite 
the hub e for the crankpin. This hub e on small disks would 
be cast solid and the hole in it subsequently drilled and 
bored. The hub for the shaft // would always be cast with 
the hole cored through it. 

41. Construction of Pattern for Crank Disk. 

The general construction of the pattern for this disk is 
shown in Fig. 16 (^), {c), and (ci). The main web of the 
crank is composed of narrow boards, as shown in the eleva- 
tion and section, Fig. 16 {d). These narrow strips a should 
not be glued together along their joints, but should be held 
in place by the segments 6 and c of which the rim is built 
up. After having built up the courses or segments of the 
plate, they should be allowed to dry for some time before 
turning, and, while this is going on, the counterbalance, hub, 
and crankpin hub may be made. It will be noticed in the 
sections shown in Fig. 16 {a) that the hubs project on one 
side of the crank. It is more convenient to make the pro- 
jecting portion of the hubs separate, and hence the first 
pieces for the hubs are turned to the same thickness as 
the counterbalance, as shown at ^, Fig. 16 {c). 
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After the hub is turned, one side is sawed off flat, as showu 
It X. This is a better way than fitting the counterbiilance 
around the hub. The 
counterbalance is 
then carved out with 
its fillet in place and 
gi ued to the hub. 
After the hub and the 
counterbalance are 
fitted together as 
shown in Fig. 16 (f), 
the projecting por- 
tion of the hub is 
turned up, together 
with its core print, as 
shown in Fig. IfS (<•/). 
The hub c for the 
crankpin. Fig. IC (a), 
is also turned up. 
The rib i. Fig. l(i {a), 
for connecting the 
shaft and crankpin 
hubs, need not be 
gotten out until it is 
necessary to attach 
the parts to the pat- 
tern. The portion of 
the hub c projecting 
beyond the rim of the 
pattern should also 
be made detachable 
and secured by dowel- 
pins. By the time 
these parts are com- 
pleted, the segments 
for the main portion 
of the disk will be dry 
and this portion can 
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be screwed to the face plate of a lathe and turned up. In 
turning, the diameter should be made smaller on the plain 
side of the pattern for draft. The crank is molded in the 
position shown in the lower section, Fig. 16 (a), that is, with 
the hub up. The casting is made with this side up because 
the plain surface must be free from scum and dirt, in order 
that it may have a good smooth surface when machined. 

42. Allowance for finish must be made on all the sur- 
faces that are marked / in Fig. IG (a). After the main 
portion of the disk is turned, the separate pieces are secured 
to it, care being taken to see that the grain in these por- 
tions runs in the same direction as the grain in the strips 
forming the web of the disk, as this will allow the parts to 
shrink uniformly. After the hub A, counterbalance dy and 
crankpin hub ^, Fig. IG {a)^ are in place, the web i and the 
fillets between the hub e and the outside of the disk are 
formed and glued in place. The reason for making the pro- 
jecting portions of both hubs detachable is that this surface 
of the pattern may be placed in contact with the molding 
board during the first operation of molding. 



PATTERN FOR STEAM-CHEST COVER. 

43. General Consideration. — A steam-chest cover 
for a slide-valve engine is shown in Fig. 17 (^), the upper 
view being an elevation, and the lower one a section on the 
line A B, This cover is strengthened by cross-ribs in order 
to enable it to withstand the steam pressure to which it will 
be subjected. This is a very simple casting for which to 
make a pattern, and there are a number of ways in which 
it can be made. If it is desired to make it quickly, and 
make but one casting from it, a square piece of board 
with ribs and strips nailed on the outer edges will answer 
the purpose, but this will not do for a pattern in frequent 
use, because it will probably split and warp out of shape. 
When the pattern is intended for continuous use, it is better 
to build it up of separate pieces. 
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44. Coastruction of a Pattern for Steam-Chest 
Cover. — Fig. 17 {i) shows two views of a partially com- 
pleted pattern for a steam- 
chest cover, the upper one 
being an elevation and the 
lower one a section. The 
central part, or web, is 
made up of narrow strips, 
as in the case of the pat- 
tern of the disk crank. 
These strips are fitted 
into a groove in the outer 
frame surrounding them. 
It will be noticed that this 
frame is mitered at the 
corners and joined to- 
gether by tongues, as in* 
dicated by the dotted 
lines at a. The pattern 
is molded and the casting 
poured with the side that 
is to go next to the cylin- 
der, down, that is, the 
side <-, Fig. 17 {a). This 
is done to insure clean 
iron on this surface, be- 
cause it is to be planed. 
Stock must be left to al- '"'' 

low for finish on all the 

surfaces marked /, Fig. 17 {a). The four corners of the 
pattern are rounded, as indicated by the dotted lines. 
Fig. 17 (^), after which the cross-ribs are made by joining 
two pieces together at the center and cutting them to the 
desired form. These ribs should be doweled to the cover 
so that they may be taken off to allow the molder to lay 
the uattern flat on the board during the first operation in 
molding. The construction of the ribs is very simple, and 
hence they are not shown in the illustration. 
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PATTERNS FOR CORLISS ENGINE VALVE-GEAR 

DETAILS. 

45. General Consideration of Castings. — Fig. 18 
shows two views of a hook lever for a Corliss engine valve 
gear and Fig. 19 {a) shows two views of an exhaust arm for 
the Corliss engine. The two castings have very similar 

characteristics, that is, each is com- 
posed of one or more flat levers having 
an oval cross-section and bosses or hubs 
at the ends. The exhaust arm shown 
in Fig. 19 {a) is the simpler of the two, 
and hence its construction will be 
taken up first. 




(HjX^J) 



46. Pattern for Exhaust Arm. 

A piece of wood is planed parallel on 
its sides to the thickness a. Fig. 19 (/?), 
and, after the outline of the arm is laid 
out upon it, it is carefully sawed out 
with a narrow band saw to the shape 
shown in Fig. 19 {b). After this, two J-inch holes are bored 
through the pattern, one at the center of each hub. Care 
should be taken to see that these holes are perpendicular to 
the surface of the block and parallel to each other, so that 



Fig. 18. 




•a> 



fa) 




(c/ 




J-» 



Fig. 19. 



the distance from center to center shall be the same on both 
sides. After these holes have been bored, the four small 
bosses a, b, r, and d, Fig. 19 (r), are turned as shown. 
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These bosses are provided with pins that fit tightly into the 
holes bored in the arm. Owing to the fact that the larger 
end d, Fig. 19 {a), contains much more metal than the 
smaller end, it is necessary to make provision for cooling it 
as rapidly as possible, in order to prevent the smaller por- 
tion from drawing metal from it as it cools. This is accom- 
plished by coring a hole through the larger end, the hole 
through the smaller end being drilled through the solid 
metal after the casting is completed. To provide for this 
core, two core prints e and / are provided on the bosses 
c and rf. Fig. 19 (r). 

47. To turn the bosses for this pattern, first saw out, 
from a thick plank, a rough piece large enough in diameter 
to turn the largest boss, and screw it to the screw chuck of 
the lathe, as shown in Fig. 19 (^/), a being the screw chuck 
and 6 the block. In this way, the bosses may be turned 
and cut off with a narrow cutting-off chisel. One coqppleted 
boss is shown at r, and the dotted lines at d represent the 
amount removed by the parting chisel. The grain in this 
piece should run crosswise and not in the direction of the 
center line of the boss, as the latter arrangement would 
make it difficult to turn the fillets without breaking their 
outer edges. When the bosses are completed, they are glued 
in place on each side of the arm, care being taken to locate 
them so that the grain of the wood in the bosses and the 
arm runs in the same direction. The arm is next worked 
to an oval shape between the bosses, as shown in Fig. 19 (a). 
The corners should be carved carefully to size. Sandpaper 
should be used only for the final finishing; it is not good 
practice to do with sandpaper what should be done with 
tools. As shown in the illustration, this pattern is made 
solid or without a parting line. When many castings are 
required, it is well to make a match of oil sand or plaster, 
or metal patterns may be made in halves. 

48. Pattern for Hook Lever. — The pattern for the 
hook lever shown in Fig. 18 is made in the same manner as 
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that for the exhavist arm, except that the plate forming 
the two arms is made in two pieces and fastened together 
with a tongue, as shown in Fig, 20, 
In this case, the bosses will serve to 
hold the joint together when glued on 
each side. 



PATTERN FOIf SLIDB-VALVB 

ENGINE CYLINDER. 

49. Construction of Cylinder. 

Slide-valve engine cylinders are made 
— in a variety of forms. The one chosen 

'■ *"■ and explained here is of a well-known 

type and is illustrated by the three views shown in Fig. 21, (a) 



being a longitudinal section through the cylinder, steam 
chest, and ports, {6) a section on the line A B showing the 







exhaust port, and (c) a section on the line C/? showing the 
steam port and steam chest. From this it will be seen that 
quite a complicated system of coring is necessary. 

50. Pattern for the Cylinder. — The making of the 
pattern for this cylinder depends largely on its size. When 
the diameter is to be less than 12 inches, the body may be 
built up solid, but, when above that size, it is better to 
build it with staves, as shown in Fig. 23. In this case, only 
one-half of the pattern is shown, as that is all that will be 
needed for explanation. This pattern is built up in a 
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as illustrated in Fig. 16, Part 2, the supports a being sawed 
out in the form of polygons to receive the staves b. Make 
the supports a of pieces so placed that the grain of the 
wood runs approximately in the direction of the circumfer- 
ence of the cylinder, as in Fig. 22 (r), for if made of single 
pieces, they will shrink across the grain and so reduce one 
diameter of the cylinder more than the other. The staves 
are so placed that the core prints at the ends of the pattern 
can be turned from them. To form the central portion of 
the pattern and to allow for the thickness of the cylinder, 
an extra thickness is glued on each stave from c to d^ as 
shown in Fig. 22 {a). These extra pieces can also be seen 





(b) 




Fig. 2S. 



on top of the staves, Fig. 22 (^). This method makes a 
stronger pattern than can be formed by fastening the prints 
on the ends with screws or glue. The flanges f are made 
thick enough so that the fillets on the back can be turned 
from the stock of the flanges. The flanges should be made 
with the grain running diagonally, as shown in Fig. 22 (c)^ 
as this method of placing the wood will prevent the shrink- 
age from affecting the flanges to any great extent. 

51 • The cylinder body is built up and turned before 
the steam chest is made and fitted. The steam chest is 
then fitted on as shown in Fig. 23 (a) and (b). Only one 
half of the pattern will have to be fitted with the steam 
chest, the other half simply requiring one-half of the flange 
and core print for the exhaust port as shown at //. The 
pieces for the exhaust passage g and thickness / over the 
steam ports are shown in place; they must be carved out of 
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wood and glued and screwed to the pattern. The fillets 
at a and b^ Fig. 23 {a)^ are cut out from solid blocks that 
are placed between the pieces /and the steam chest proper; 
this prevents all danger of the fillets coming out or being 
stripped from the pattern. The steam chest s may be made 
solid or built up as a box, the construction depending on its 
size. The strips e on the steam chest, which give extra 




Fig. S3. 

thickness of metal for the studs, are made loose, being held 
in place during molding by long dowel-pins j. Also, the 
valve-stem stuffingbox c and the facing d around the live- 
steam opening are loose and fastened in the same way. In 
Fig. 23 (^), a portion of the strip e has been broken away 
to show the manner of letting it into the pattern. This is 
to prevent its being moved out of place during ramming, 
after the dowel-pins have been taken out. 

52. This pattern is to be molded in a two-part flask, 
parted on the line dk\ all the loose pieces mentioned being 
made in sections and so placed that the main pattern will 
draw away and leave them in the sand; they can then be 
drawn into the opening left by the pattern and removed, 
one piece at a time. The core print f for the steam chest 
should be doweled on also; if made fast, the molder will 
probably tear it off, as it is a great convenience to have 
this print loose so that it can be placed back in the bottom 
of the mold while drawing the loose pieces and dressing up 
the mold. 

53. Core Boxes for Cylinders. — The core boxes for 
the steam ports are shown in Fig. 24, {a) showing a side 
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view of the core box with the side a. Fig. 24 (c), removed. 
The core is swept up on the out- 
side along the length marked J-, 
a special sweep being provided 
for this purpose, which is guided 
by the sides a and d, Fig. 24 {d) 
and {<■). The piece c is made to 
form the upper part of the core, 
because it changes from a cir- 
cular shape to a straight part 
just where it enters the steam W 

chest. Fig. 24 {*) is a top view '"°- **- 

and Fig. 24 (c) is an end view of the box with the end rf. 
Fig. 24 (a), removed. 

54. The exhaust-port core box is made in halves, and 
one half is shown in Fig. 25, the other half being like this, 

except that it is made left- 
M handed, so that the two halves 

^ will fit when put together. The 

■ dotted line in Fig. 25 (n) shows 

A how the passage is widened 

* to maintain a constant area 

'■*■' '*■' throughout, that is. it is cut 

^'°' *■ down along the part of the pas- 

sage occupied by the arrow in Fig. 25 {d). 

55. The core box for the steam chest may be made as 
shown in Fig. 2C. In (a), the side of the box, and in {/>), 
the end of the box, have been removed to show the inside. 
The piece </, which forms the valve face, is screwed to the 
bottom of the box and the sides fitted around it. The core 
prints /, S, and S are to receive the ends of the steam-port 
and exhaust-port cores. The steam-chest core is the first 
that is set in the mold, the cylinder being molded with the 
steam chest down. After this, the exhaust-port and steam- 
port cores are set with their ends in the openings left by 
the prints 1, 2, and 3, Fig. 26. The core for the cylinder 
body is usually swept up on an iron cylinder wrapped with 
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hay rope, the prints to receive the ends of the steam-port 
cores being formed in the core, I» the case of small 
cylinders, the prints for the end of the port cores, as shown 
at 1, 2, and S, Fig. 2(i, are frequently made of the form 
shown in Fig. 27 {a), and the cores for the steam ports are 
provided with projections to fill the space between the 




regular-port print and the exhaust-port print. The gen- 
eral form of the cores is shown by Fig. 27 (b), in which a is 
the exhaust-port core print and b and c the projections on 
the end of the steam-port cores. When this method is 
employed, the core box shown in Fig. 2-1 is made in such a 
manner as to provide for the projections on the cores as 
shown at b and c. Fig. 27 {b), 

S6. It is possible to get along by making only one-half 
of the cylinder pattern by making all the parts for the 
steam chest, port passages, etc., detachable, and arranging 
the pattern so that oiily the portion for the print k. Fig. 23, 
and the flange that surrounds it will be used in molding the 
second half. Of course, it will be necessary to place these 
on the opposite side of the pattern, so that the two halves 
will come together properly. When this is done, each half 
of the mold can be made separately and then put together. 
Patterns for Corliss engine cylinders may be constructed 
in a similar manner. 



PATTERN MAKING. 

(PART 4.) 

PRACTICAL EXAMPLES OF PATTERN- 
MAKING. 



STOP OR THROTTLE VALVE. 
1. General Consideration of tbe CasMaffs Re- 
quired. — A stop, or throttle, valve is shown in section 



in Fig. 1. The body n, the bonnet b, and the hand wheel i 
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are all made of cast iron, while the valve d, valve stem e, and 
seat ^are made of brass. Finish must be allowed for all 
joints and for all faces marked /. 

2. Pattern for Valve Body.— This throttle valve 
is similar to the ordinary globe valve shown in Fig. 4, 




Patternmaking, Part 3, but is made of cast iron, and the pat- 
terns for it differ somewhat in construction from the globe- 
valve pattern. Fig. 3 (a) shows one-half of the pattern and 
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illustrates the method of joining the different parts. The 
stock for the main portion of the valve should be sawed out 
about 16 inches long, which will allow about If inches on 
each end for screwing the halves together while turning. 
The halves of this pattern should not be glued together, as 
they must be taken apart and put together again before the 
turning is finished. The end flanges fit in recesses formed 
in the core prints, as shown at <?, Fig. 2 {a). The flanges ^, 
Fig. 2 {a)y are turned on the pattern, that is, they are first 
bored and faced to fit the recesses in the core prints, after 
which they are screwed and glued in place and then turned 
up or finished during the work of finishing the valve body. 
This insures their being concentric with the body of the 
pattern. The body should be turned to a templet cut to a 
4J-inch radius. 

Owing to the fact that the body is oval and not round, 
the side flange ^, together with the portion of the pattern 
connecting it to the body, has to be joined in a special 
manner. If a flat surface were formed on one side of the 
body of the pattern, it would have an oval outline; hence, 
the surface must be formed in such a manner as to have a 
circular outline. This is accomplished by cutting the faces 
of the halves of the pattern at an angle, as seen in the end 
view. Fig. 2 (b), which shows the pattern with the flange b 
removed. Two wedge-shaped blocks j are fitted to the 
pattern, being joined along the line /i i, Fig. 2 (^), and 
along the line c d^ Fig. 2 (a). Upon the back of these 
blocks y, the flange e and the portion f joining it to the 
pattern are secured, they having previously been turned. 
After this, the necessary fillets are worked out of the 
wedges y, Fig. 2 (^), the form of the half pattern when 
completed being indicated by the dotted lines. In the 
illustration,' the core print ^ is represented as being simply 
glued and screwed to the flange e, 

3. Core Box for Valve Body- — One-half of the core 
box for the valve body is shown in Fig. 2 (r) and an end 
view with the end board removed and the side projection 
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omitted is shown at Fig. 3 ((/), From this it will be seen 
that the core box is built up from two or more flat pieces 
glued together. In the illustration, the separating bridge 
is shown as being carved out of the piece forming the core 




box. This bridge is cut down almost perpendicular to the 
surface of the box, very little draft being allowed on the 
sides and a small fillet being made at the bottom. It will 
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be seen that in order that the cores may match when pasted 
together, another half box is needed. One-half is, however, 
sometimes made to answer by making two separating 
bridges, one right-handed and one left-handed, which are 
doweled in place, so that, when the cores are being made, 
the bridges are used alternately. This apparently accom- 
plishes the same purpose as two half-completed core boxes, 
but in practice it does not give the same satisfaction, as the 
bridges are liable to be broken, lost, or rammed out of 
place when making cores, resulting in an imperfect casting, 
and, as this kind of pattern is liable to be used constantly, 
it will be more serviceable to make two complete half boxes 
with bridges as represented. The ends and side of the box 
are closed with boards, as shown, the necessary draft being 
formed in these boards for the ends of the cores. For 
carving such a box, it will be necessary to make templets 
for the various cross-sections. 

4. Bonnet Pattern. — A detail of the bonnet casting 
is shown in Fig. 3 {a) and the pattern is shown in plan and 
elevation at Fig. 3 {6). The upper view shows an elevation 
of the pattern, a portion of which has been broken away to 
illustrate the construction. The pattern is drawn to a 
larger scale than the casting. The flange a for the pattern 
is turned after it is fitted and fastened to the main portion 
of the pattern. As shown in the illustration, this pattern 
is not parted and is made to mold endwise. It will be 
necessary to have a molding board with a hole in the center 
for the portion b to project through during the first opera- 
tion of molding. The main body of the pattern, including 
the core print c and the cylindrical portion of the print li, 
are turned from one piece. The auxiliary core prints e and/* 
are glued and screwed in place. 

6. Core Box for Bonnet Casting. — A core box for 
the bonnet pattern is illustrated by the two views ^hown in 
Fig. 3 (^r). This pattern can all be carved from one block 
of wood, with end boards as shown. The proper draft must 
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be allowed on the inside of the end boards or the core box 
can be made from several pieces, the divisions being along 
the dotted lines ab^ cd^ and t*/". This latter construction 
would permit the turning or working out of each portion of 
the box separately, which will somewhat simplify the con- 
struction; but, in most cases, the large number of joints 
would add complications that would more than overbalance 
the gain. When the box is made of separate pieces, the 
various pieces are secured in place by gluing a board on the 
back of the box. 

6. Pattern and Core Box for Hand Wheel. — The 

pattern for the hand wheel is shown in the two views given 
in Fig. 3 (^/), the lower one being a section on the line ab. 
The pattern being only 6 inches in diameter may be turned 
from one solid piece of wood, but, when forming the arms, 
care should be taken to cut them so that the grain of the 
wood runs at an angle of 45° to the arms, which will make 
them of uniform strength. Another way is to turn the rim 
from a single piece and then let the arms into it. Square 
core prints are formed on the pattern, as shown in the illus- 
tration. The core prints are turned to a diameter equal to 
the diameter across the corners of the squares, and are sub- 
sequently cut to a square form. 

The square core box for the hand-wheel core is illustrated 
in Fig. 3 (e)\ it is made into halves and doweled together, 
being parted at the two corners, so that when the core is 
rammed up, the box can easily be taken apart without break- 
ing the corners of the core. 

T. Patterns for Valve Details. — The pattern for 
the valve is shown in Fig. 2 [c)^ (/"), and {g). The upper, 
or nut, part of the valve pattern a is not made fast to the 
valve ^, but is located by a |-inch pin r, which is turned 
upon it as shown in Fig. 2 (e). The guide d is made in the 
same manner, but is secured permanently to the valve pat- 
tern, as shown in Fig. 2 {/). The pieces e and /are glued 
and screwed to the piece a after the latter has been turned. 
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The pattern for the valve seat is shown by the two views 
given in Fig. 2 (//). In the lower view, a portion of the 
pattern has been broken away so as to show the- hub, or 
guide, a for the spindle on the lower portion of the valve. 
This hub is supported by the web b^ as shown. The grain 
in this pattern should run in the direction of the axis of the 
seat, as indicated by the lower view. The outer ring of this 
pattern may be turned from a block of wood and ,the bridge b 
and hub a glued in place afterwards. 

No pattern is shown for the valve spindle, as it will be 
similar to the one shown in Fig. 6, Patternmaking^ Part 3. 
The valve seat, valve, and spindle are made of brass, and it 
is therefore not necessary to allow as much stock for finish 
on the pattern as in the case of iron castings, owing to the 
fact that brass castings are usually smoother. 



SPECIAL THREE-WAY 8TOP-COCK. 

8. Construction, — The three-way stop-cock described 
in Art. 19, Patternmaking^ Part 3, is of such construction 
that all the angles are right angles. The one illustrated in 
Fig. 4 is of a special design having the three passages 120° 
apart. The general construction of the valve will be un- 
derstood by reference to Fig. 4 (^), (^), and (r). Fig. 4 {a) 
is an elevation of a complete cock ; (b) is a section on the 
line lm\ while (c) is a section on the line^^. In Fig. 4 (c) 
the cock is not shown as it would appear if projected 
from {b)\ the plug has been given a portion of a revolution 
so as to bring one of the openings to the front. Owing 
to the shape of this design of cock, it cannot be molded and 
cast like the one shown in Art. 19> Patternmakingy Part 3. 

9. Appliances for Dry-Sand Mold for Body. — For 

a straight-way cock there is no better way of obtaining a 
casting than by making a pattern; but, for a three-way 
body or shell of the design shown, a core box may be sub- 
stituted for the pattern and made to answer the molder's 
requirements better than the pattern. The disadvantages 

5-. Vol ly.—jo. 
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of a pattern for the shell arise from the fact that it is prac- 
tically impossible to part the pattern in such a direction that 
it can be molded in any but a complicated flask. 

1 0. Fig. 4 (rf ) is a vertical section of a mold for such a 
valve body, and Fig. 4 {e) is a horizontal section of the same 
mold. The outer part of these molds consists of three 
cores ^, //, and i. These cores are joined on the radial lines 
passing through the points ^, r, and/. The center and pas- 
sage core on the line passing through the point / are made 
in one piece. The passage cores on the lines passing through 
d and e are made separate from and set into the center core. 
The three cores ^, A, and i rest upon the slab core/, shown 
in Fig. 4 (^/), but omitted in the plan in Fig. 4 {e). When 
locating the cores, the center core k is first set into the slab 
covej\ as shown in Fig. 4 (</), then the cores ^ and A are 
set. These, being joined at /", will support the passage core 
on that center line. Before core i is set, the cores on the 
lines e and d are located. The ends of these cores are made 
to project so that the molder may either block up the 
ends or have a helper hold them while setting the core /. 
When all the cores have been properly set, a flask is dropped 
over them and sand rammed about them to keep them in 
place. 

The core box for making the cores ^, A, and i is shown in 
Fig. 4 (/) and (^). In Fig. 4 (/), the portions ^ and A 
of the core box have been removed, only the portion d being 
shown in place. The joints at /, / are left loose while the 
joints at s, s are secured by glue and screws. The parts of 
the box d, ^, and /i are secured together by clamps a^ c^ and </, 
so that, after the core is completed, the clamps may be re- 
moved and the different parts of the box drawn away from 
about the core, thus leaving it standing upon the core plate. 
The gate shown is used for only one core; x is separate 
from y and is drawn out in the direction of the arrow, when 
all the parts of the box have been taken away from the core. 

11. The core box for making the center^ and the pas- 
sage core on the line/, Fig. 4 (rf) and {^), is shown in the 
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two views given at Fig. 4 (A). The print a must either be 
given sufficient draft to allow the core to be drawn from 
over it, or it must be so arranged that it can be drawn out of 
the core through the back of the core box. Another half 
box to match the one shown will be necessary in order to 
make a complete core, or a wide box may be made having 
provision for two projecting arms ^, either one of which 
can be stopped off at will. When this is done, it will also 
be necessary to construct the core print a so that it can 
be changed from one side to the other. On the whole, it is 
usually best to construct the two half boxes. 

The core box for the passage cores on the lines d and e is 
not shown, as it is very simple in construction and similar 
to many that have already been described. Its general form 
is very similar to the portion b of the core box shown in 
Fig. 4 (A), only it will be necessary to make the box longer 
so as to allow the cores to project as shown in Fig. 4 {e). 

12. Pattern for Plus. — The plug for the three-way 
cock has only two openings placed at an angle that coincides 
with the two passages of the shell, which are 120° apart. 
The thickness of the metal in the plug is the same as that in 
the shell. To make this casting, a pattern is used, though 
it can be made all together with cores like the shell, but 
a pattern in this case is probably the better method. The 
pattern is shown in the two views given in Fig. 4 (/). 
The pattern is parted on the line be shown in the upper view. 
It will be seen that the core print ^ would not draw if fastened 
to the pattern. It should therefore be located with loose 
pins or wires that can be withdrawn during the process of 
molding, leaving the piece loose in the sand. After the pat- 
tern is withdrawn, this piece can be withdrawn also. In 
some cases, a section of one-half of the pattern may be 
arranged to be drawn separately and at an angle so that the 
print can be attached to it. 

13. Core Box for tbe Plug. — The core box is made 
as shown in the two views, Fig. 4 (/), the piece a being put 
on with two pins and held in place by means of a screw or 
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clamp while making the core. After the core is complete, 
the piece a is removed so as to allow the finished core to be 
turned out. If the upper half of the core shown in the upper 
view Fig. 4 (y) were being dried by itself, the core maker 
would place a little green sand between the core plate and 
the projecting portion b so as to support it during drying. 
In the illustration, the lower view shows one-half of the 
core box, while the upper half shows the entire core box, 
both halves having been made. The core can be made in 
halves or in one piece, depending on the manner in which 
it is to be dried. 



PATTERN FOR SMALL BELL. 

14. General Consideration. — Molds for large bells 
are swept up in loam, but for small bells of such dimensions 
as that shown in Fig. 6, patterns are usually made. This also 
applies to any similar shape, such as ladles, kettles, pots, etc. 
In some cases, the patterns are made for comparatively large 
castings, especially when the metal of the casting is com- 
paratively thick, as, for instance, slag pots for copper and 
lead smelters are usually cast from patterns, the castings 
weighing from 400 to 600 pounds, some of them being as 
much as 30 inches in diameter. The bell shown in Fig. 5 
would be cast from bronze or bell metal and the nut a from 
brass or iron. The washer b might be cast from brass or 
made from sheet metal. 

1 5. Making Pattern for Bell. — The right-hand side 
of the bell, Fig. 5, is shown in section so as to illustrate the 
thickness of the metal and the method of laying out the 
pattern. From the pointy on the upper corner of the bell, 
to // at the edge, a straight line is drawn and divided into 
equal spaces. From each of these points, perpendicular lines 
are drawn and on each of these perpendicular lines a circle 
is laid off that represents the thickness of the bell at the 
point where the line intersects it. The distance on these 
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perpendicular lines from the straight line to the center of 
the circle is carefully determined. This information is gen- 
erally furnished on the drawing for the bell. The pattern- 
maker lays out these lines, circles, and the outline of the 
bell to full size, and thus determines the thickness of the 
courses or segments as shown on the left-hand side. As 
shown, the first four courses are } inch thick and all the 



others J inch. The sizes of segments and the number 
required are given at the right of the illustration. The 
proper allowance has been made for turning after the seg- 
ments are in place. The segments marked 10 are for six 
courses and those marked 9 for three courses, each course 
being made up of six segments. In each of the other 
courses, the segments are different. 
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After the segments are sawed out, they should be stacked 
up crosswise and allowed to dry thoroughly before being 
built up. When dry the lower segments, marked 7, are 
secured to a face plate, either by gluing on with paper be- 
tween the segments and the face plate or by means of screws. 

16. As the diameter of the top of the bell is compara- 
tively small, a well-seasoned solid piece may be glued on 
the top of the segments and the top turned from this. 
The spindle e should be glued on after the pattern is turned, 
in a manner similar to a core print, a pin on the spindle 
fitting into a hole turned in the top of the pattern. 

Before gluing on the solid piece to form the top of the 
beliy, it is advisable to turn out the part of the pattern 
on the inside for about 3 or 4 inches and to turn out the 
solid piece concave. This turning will reduce the work 
that must be done after the bell is chucked and will make 
the finishing much easier. 

1 7. After all the segments are in place and the top f 
has been glued on, the outside of the bell is turned to the 
proper form, the pattern taken off the face plate at d h and 
is chucked on the outside at the small end. The chucking 
is done by fastening four pieces of wood about 2J^ inches 
thick on the face plate with glue or screws, and turning 
them on the inside so that the pattern fits tightly between 
them, or a thick piece of plank may be fastened to the face 
plate and turned out so as to fit the outside of the pattern. 
Great care must betaken in this operation, as the friction 
between the pattern and the chuck holds the pattern while 
turning, otherwise the pattern may fly out of the lathe. 
A If-inch No. 16 screw may be used at the center through 
the face plate to secure the pattern in the chuck, as the bell 
is slightly tapered for 2^ inches, making it liable to work 
out from the face plate if the screw is not used. 

In the case of many small patterns that are turned in this 
manner, a good patternmaker will depend entirely on the 
friction of a good fit for turning the pattern. 
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18. A patternmaker sometimes dampens the outside of 
the pattern slightly to produce a tight fit by causing the 
pattern to swell into the chuck. This is one of the tricks of 
the trade, but is not to be recommended, as the wood may 
expand with such force as to distort the pattern; also, if the 
turning takes some time, the moisture may dry out and 
loosen the pattern in the chuck. The inside of the bell is 
turned to a templet while the pattern is held in the chuck, 
after which the spindle is put in place. Some prefer to 
begin with the top of the bell and build the segments on it. 
In this case the top is secured to the face plate, the outside 
roughed off so as to run true, the inside turned out and 
finished, and then the outside finished. This method saves 
chucking and allows the outside to be finished last. 

The patterns for the nut a and the washer b are so simple 
that they will not be illustrated. The pattern for the nut 
would be parted through the center line, and must be made 
with a long core print for supporting the core, similar to the 
pattern shown in Fig. 9, Patterntnaking^ Part 1. 



PATTERNS AND CORE BOX FOR 
CASTING CHAIN. 

19. A chain is sometimes cast of strong bronze for 
marine or other purposes, especially where iron would cor- 
rode excessively, but such chains are so costly that they 
will never be generally used. One link and the connections 
to the two adjacent links of a chain are shown in Fig. 6 {a). 
Each link passes through two others, and hence the mold for 
casting the entire chain at once would be very complicated, 
as would also the system of gating. To overcome this, one- 
half of the links may be cast separate and then provision 
made for casting the other links through these. 

20. Patterns for Links. — In constructing the link 
pattern, wood is used for the first pattern, a double allow- 
ance for shrinkage being made. The pattern need not be 
parted, but may be cut from a solid piece of wood. The 
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allowances for shrinkage should be one for aluminum (^ inch 
to the foot) and one for bronze (^ inch to the foot). In 
making the link, its form is first marked out and cut to a 
square cross-section inside and out. Then the edges are 
chamfered to a 45° line tangent to the circle of stock in the 
link, after which it can be whittled round. 

This pattern could also be made by turning a ring with 
the radius equal to the end of the link, cutting it in halves 
for the ends and then joining these half rings by two 
straight cylindrical pieces to form the sides of the links, but 
there is much less work in the first method than in the 
second, because the turning and fitting take more time, and 
then, too, the pattern made by the second method is not 
as strong as the one cut from a solid piece of wood. 

Four or more aluminum patterns are now cast from the 
wooden one and made smooth, after which they are sunk 
one-half of their depth into the molding board and a gate 
fastened on the latter. This simple provision allows several 
links to be molded at once. At times, the links are split 
and attached to the opposite sides of a card pattern on 
account of the fact that one-half of all the links of the 
chain must be cast in this way and the card pattern greatly 
facilitates the molding. The bronze links cast from the 
aluminum patterns have the gates cut off and are partially 
finished and smoothed up before being cast into the chain 
proper. 

21. In order to join the bronze links already cast, special 
dry sand molds are employed. Fig. 7 (a) shows two bronze 
links a and ^, which have been placed between the cores of 
the dry sand mold. The link c is then cast in such a position 
as to join the separate links a and d. One of the four cores 
has been removed so as to show the arrangement of the 
links, and one of the separate cores is shown at Fig. 7 (b). 
Several links c are cast at one time by setting a number of 
cores in a long box made for the purpose, and having the 
corresponding number of links in the positions occupied by 
the links a and ^, Fig. 7 {a). 
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22. The core boxes for forming the cores shown in Fig. 7 
are illustrated In Fig. C (i), (c), and (d). These core boxes 
should be made of hard wood, or, if a great number of cast- 
ings are required, from metal. When they are made from 
metal, it will be necessary to make patterns for them and to 
allow the necessary shrinkage on the patterns. The construc- 
tion of the wooden box will be described. The link portions 
are made of aluminum and secured to the wood. It will be 
seen that the link parts in the box must be accurately located 
or they will not coincide when the cores are placed together. 
The ends, sides, and bottom of the boxes are so arranged 
that they may easily be removed when the core is rammed 
up and turned over on the core plate 



The bottom d, shown in Fig. 6 (c) and (rf), is secured to 
the sides by screws or clamps, and the four dowel-pins shown 
in the sides are for the purpose of locating them each time 
a core is made. When it is desired to remove the cores 
from the boxes, the screws or clamps are removed and the 
bottom taken off carefully, after which the sides are taken 
away, leaving the core on the core plate. 

The gate shown doweled on at a, Fig. G {/>), (/:), and ((/), 
is so arranged because it is required in only one-half of the 
cores, those intended for the lower portion of the molds 
shown in Fig. 7 (a) requiring no gating. 
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PATTERNS FOR SPUR GEAR AND RACK. 

23. Preparation of tbe Stock for Patterns. — The 

patterns shown in the views in Fig. 8 are those of a spur gear 
and rack and the method of making them will be described. 
The circular pitch is 1^ inches, the face 2J inches, the 
rack is 25 inches long, and the pinion has 21 teeth, which 
will give it a pitch diameter of 8.387 inches. 

The stock should be carefully selected, first-quality clear 
pine. The segments of the rim of the gear should be sawed 
out and the lumber dressed j^ inch thicker than the finished 
thickness of the segments, after which the pieces should be 
stacked crosswise and allowed to dry thoroughly. After 
this, the stock for the hubs and rack is prepared from the 
same quality of lumber. 

24. Rack Pattern. — The plate, or back, a for the 
rack is about 25 inches long, | inch thick, and 2^ inches 
wide, and should be carefully planed straight, parallel, and 
square with the edges. To make the teeth of the rack, 
blocks are dressed IJ in. x 1/^ in. X 2J in. long. The 
best way to cut these out is to plane up three sticks each 
16 inches long, from which the required number of blocks 
may be cut. To allow for dressing off the ends of the 
blocks after they are fastened to the plate of the rack, they 
should be cut about ^ inch longer than the width of the 
rack. Each of these blocks should be screwed on from the 
back of the rack with l^-inch No. 10 screws, no glue being 
used at first. The teeth are then marked out on the blocks, 
after which they are removed and cut to the desired shape. 
Each tooth should be formed, glued, and screwed in place 
before the next one is removed, making it possible to replace 
the teeth accurately. 

25. Fastening tbe Teetb on tbe Gear and Rack 
Bodies. — The advantage of fastening the teeth of gears in 
the manner shown, over the old way of dovetailing, is that 
the fillets 6 at the bases or roots of the teeth can be formed 
in the blocks from which the teeth Are cut, thus making the 
whole structure stronger. Fillets or round corners at the 
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bases of the teeth are very desirable, insomuch as they add 
strength, rendering the pattern better for molding, and also 
removing, in a large degree, the effect of cracks at the base 
of the teeth, due to irregular shrinkage that takes place 
where sharp angles are left in the casting. 

In the rack pattern, it will be seen that there are no 
pieces fitted between the teeth as shown at c on the pinion. 
The object of this is to show the different methods that 
may be adopted for making the gears with fine or coarse 
pitches. The method employed in the case of the rack is 
that used for fine pitches, while that employed in the gear 
is the method suitable for coarse pitches. On account of the 
fact that the spaces between the large teeth become greater, 
it becomes necessary to insert a strip between them, as 
shown, otherwise it would not be easy to work out the teeth 
from the blocks, which are carried to the center of the space 
like those in the rack ; besides this, the thin parts produced 
thereby would probably curl up and cause trouble. The 
strips put between the teeth not only make it convenient to 
shape them, but act as guides for locating them again after 
they have been removed for shaping. 

26. Bulldins Up the Gear Pattern. — When the 
rack is completed, and the blocks for the teeth and strips 
that go between them are prepared for the pinion, the hub 
should be turned as represented at d. Fig. 8 (V), After 
this, the six courses or segments may be built up. A wooden 
face plate, upon which to turn the wheel, is turned about 
\ inch larger in diameter than the inside of the rim of the 
pinion, and, as both sides of the pattern cannot be turned 
without chucking, either of the faces y^ or Im may be 
placed in contact with the face plate. The segments // or i 
of the web should be the first to be jointed and laid in place 
upon the face plate. Before doing so, six pieces of paper 
about 1^ inches wide should be glued on the face plate 
where the joints of the segments will come. Then the ends 
of the segments should be glued by putting a little glue on 
the paper. The first course will then be held to the face 



§ 34 PATTERNMAKING. 21 

plate by these six pieces of paper, and, when dried, may be 
faced off true and to the proper thickness in the lathe, 
ready for the next course. 

When one side is built, the inside should be turned and 
finished to dimensions, as shown at ^, Fig. 8 (^), and the 
web recessed to fit the edge of the fillet on one of the hubs 
already turned, as shown at /". The outside of the gear 
should also be roughed off. The pattern is now removed 
from the face plate, and the edges of the face plate turned 
to fit the inside e of the part just removed. The pattern 
can be fastened to the face plate with three screws and the 
other half built up. After this side of the pattern is com- 
pleted, the inside is turned out and the outside turned to 
the correct diameter. 

27. The blocks that are to form the teeth and the strips 
that go between them should now be fitted and fastened on, 
the blocks and the strips being placed alternately around 
the circumference. The blocks on the rim are secured by 
screwing them on from the inside with 1-inch No. 8 screws. 
The strips are fastened in place with glue and fine ^-inch 
wire brads. All this should be done before taking the pat- 
tern from the face plate, because the ends of the blocks 
must be turned off flush with the rim, and the circles on 
which the tooth-curve centers are located, marked in the 
lathe. Before facing off the ends of the blocks, pieces that 
will just fill the space between the blocks must be fitted and 
glued between the ends to prevent them from splitting while 
turning. The grain of the wood in the pieces should run in 
the same direction as that in the tooth. These pieces will 
also serve to support the points of the compasses when laying 
out the curves for the faces of the teeth. When the curves 
for the teeth are marked out, the filling pieces placed between 
the teeth should be taken out and the tooth blocks removed 
and numbered consecutively on the inside and their places on 
the rim should be marked with .corresponding numbers. 
The teeth are then worked off, after which they should be 
glued and screwed back in their respective places. 
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28. The hul>s may also be glued in place after the 
teeth are completed, but the core prints should be left loose. 



as the size of the bore is frequently changed, making other 
core prints necessary. Sometimes the hubs of gears are 
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also left loose for this same reason. This enables one to 
introduce larger or smaller hubs that will admit of being 
bored to larger or smaller diameters. In Fig. 8 (^), the hubs 
are shown in place and the dotted lines at g indicate the 
position of the holes for receiving the pins for the core 
prints, but the core prints are not shown in place. 



MITER. AND BEVEL-GEAR PATTERNS. 

V 

29. General Consideration. — To cast a pair of miter 
gears (gears making an angle of 45°) that will mesh and run 
together, only one pattern is required, while, in order to 
cast a pair of other bevel gears, two patterns are necessary, 
because the angle in each is not the same on the face and 
they each contain a different number of teeth. 

When looking for a certain gear pattern among others, 
an experienced patternmaker can generally distinguish the 
difference between a miter and any other bevel gear with- 
out trying the angle, but where there is only a small differ- 
ence, it is not easy to distinguish between them without 
testing their angles or referring to the records. For this 
reason, it is well to stamp the word ** miter " or **45° " on 
all miter-gear patterns. The method of constructing a 
pattern for either miter or bevel gears is the same, and only 
one example need be considered. 

30. Pattern for Bevel Gear. — The method of ma- 
king the gear pattern shown in Fig. 9 (a) and (^) is not a 
general one, differing from common practice in the way in 
which the teeth are fastened. The teeth are usually dove- 
tailed into the rim, as shown at ^, Fig. 9 (a)^ the dovetail 
being made with a slight taper so that the teeth can readily 
be driven out and replaced. Another method sometimes 
employed consists of gluing the blocks for the teeth on the rim 
without dovetailing them and then shaping them while in 
place. The rim of the wheel in both instances is turned to 
the correct diameter at the root of the teeth. In the 
method shown at ^, Fig. 9 (^), it will be seen that the rim 

5. Vol lV,^ii, 
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is turned under the size and then the blocks for the teeth 
are formed so as to make up the difference. 

The first of these three methods has many points to com- 
mend it, as it allows the blocks to be removed for dressing 
the teeth separately. It does not, however, permit the 
fillet to be worked out at the bottom of the tooth. The 
second method is not good, because if the fillet is made 
at the root of the tooth, the feather edge thus formed is 
liable to curl up. Another bad feature of this second 
method is that all the teeth must be dressed off in place, 
which is not so easy to do as when the blocks are removed 
or when every second one is removed. The method shown 
at a has the advantage of having a fillet at the root of the 
tooth without the feather edge, and of permitting every 
other block to be removed for the purpose of shaping the 
teeth. It will also be seen that all the joints of the seg- 
ments forming the ring are covered between the teeth, 
which is a desirable feature. 

31. To make a pattern of this type, a full-sized section 
of the rim must first be drawn as shown at g. Fig. 9 (^), \\\ 
order to lay out the width, thickness, and diameter of the 
courses of segments. In the pattern illustrated, six seg- 
ments are used. 

The profiles of the outer and inner ends of the teeth that 
are shown at c are drawn in the same way as the teeth for 
two spur gears whose radii are xy and x y\ with pitches cor- 
responding to the inner and outer ends of the tooth. It is 
seldom that the two circles^ and y can be spaced without 
a remainder, but this fact is of no account as they are only 
auxiliary circles that are used for convenience in laying out. 
In building up the rim, a wooden face plate A, Fig. 9 (f), is 
employed. This is screwed to an iron face plate i and the 
segments are glued to the wooden face plate, the course 
marked 1 being glued on first with a piece of paper under, 
each joint. 

The course of segments 2 is next glued on the course 1 and 
faced off, and the succeeding ones added until all are in 
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place. The rim is then turned inside and roughed off on 
the outside. Before removing the pattern from the face 
plate, the four arms should be let in and glued to the rim, as 
shown at d^ Fig. 9 («), the arms having previously been 
half checked together and formed to the required shape. 
The hub is turned on a screw chuck and left a little larger 
than the required size. It is then glued to the arms, and, 
when the glue is thoroughly dry, the arms are faced off and 
the hub finished so that it will run exactly concentric with 
the rim, thus enabling the patternmaker to chuck the pat- 
tern by means of the hub. The wooden face plate A, 
Fig. 9 (r), used in turning up the outside and inside of the 
pattern, is made smaller than the diameter of the gear at 
the small end, so as to allow the outside of the gear to be 
roughed off during the first operation. 

32. After the pattern is removed from the face plate, a 
larger wooden face plate is provided, having a piece at the 
center so as to allow a greater thickness of stock to receive 
the hub. The center part of the face plate is turned to 
receive the hub /, Fig. 9 (^), and the corner of the pattern j 
is allowed to rest against the face plate so as to act as a 
support and prevent the pattern from trembling while turn- 
ing the outside of the teeth. After the pattern is chucked, 
the face k and the outside are turned to the required dimen- 
sions, ready to receive the teeth. The hub and the core 
print may also be added and turned. 

33. Fastenlns and Forming the Teeth. — In get- 
ting out the blocks for the teeth, they should be made about 
^ inch longer than those shown at e in order that the ends 
may be turned off. The rim having been turned, it is 
spaced off on the face for the teeth, the lines being drawn 
toward z by the use of a center square. The blocks for the 
teeth are fitted on the rim, as shown at /, Fig. 9 {a). All 
the blocks are glued together above the root of the finished 
tooth, on the sides, near the outer ends, but only every 
alternate one is glued to the rim. They are thus secured 
for turning. Particular care must be taken when gluing. 
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not to allow any glue to get on the sides of the blocks near 
the rim, as at a^ Fig. 9 [a)y or below the bottom of the fin- 
ished tooth, and only freshly made, thin glue should be used. 

When the glue is thoroughly dry, the ends and faces of 
the blocks may be turned. To make a good surface for 
marking the teeth, a light coat of yellow varnish should be 
given to the blocks and when dry they should be sand- 
papered. The pitch circle / and the circles m and n for the 
centers of the arcs forming the tooth curves are drawn on 
both ends of the gear, after which the profiles of the teeth 
are laid off on the inside and outside. 

After this laying out is done, the joints of the blocks are 
sawed down all around to the bottom of the glue, relieving 
them and allowing every alternate one to be removed, thus 
rendering the paring of the teeth much easier than if all 
were glued onto the rim. When removing the blocks for 
paring, they should be numbered so that they can be properly 
replaced. After all the teeth are completed, those that have 
been removed are replaced and glued to the rim. The fillets 
at the bottoms of the teeth are formed from the blocks 
from which the teeth are formed. In the case of gears of 
large pitch, it may be necessary to introduce strips of wood 
between the teeth, as in the case of the gear illustrated in 
Fig. 8. The ribs p are fitted in place after the turning is 
complete, because, if they were introduced before the chuck- 
ing, they would interfere with the chuck. 



WORM AND WORM-GEAR PATTERNS. 



IVORM PATTERN. 

34. Preparation of the Stock. — If it is required to 
make a pattern for a worm 4 inches in diameter with a 
single right-hand thread having If inches pitch, the following 
course may be pursued. First, turn the pattern, which 
should be in halves, to the required diameter and length, as 
shown in Fig. 10 (a). The core prints a and b may be 
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turned on the pattern, as shown, or they may be turned 
afterwards and attached to the pattern. When turning 
such a pattern as this, it is best to have metallic plates 
attached to the ends and to use conical centers. This will 
enable the work to be returned to the lathe after the threads 
are cut, so that the threads may be sandpapered while the 
lathe is revolving at a slow speed. A much better job of 
sandpapering than could otherwise be done is thus insured. 
35. Lajring Oat the Thread. — After turning the 
pattern, a piece of paper should be wrapped around it and 




Flo. 10. 

cut to the exact length of the circumference and also the 
length of the pattern. The paper should then be laid off as 
shown in Fig. 10 (i). The points 1, 3, 5 and S, 4, 6 are laid 
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off on the edges of the paper If inches apart and the full 
lines drawn connecting them, as shown. These lines repre- 
sent the center line of the thread. After the lines are drawn, 
the paper is wrapped around the pattern again, when it will 
be found that point 1 will meet point ^, point S will meet 
point -4, and point 5 will meet point 6, thus making one con- 
tinuous line when wrapped on the pattern. The paper is 
finally glued on to the pattern, but, before this is done, other 
lines should be drawn parallel to these, representing the 
thickness of the thread or the lines upon which it is desired 
to saw down for the sides of the thread. 

36. In laying out the lines, care must be taken not to 
run the thread in the wrong direction, making a right-hand 
instead of a left-hand or a left-hand instead of a right-hand 
thread. This mistake is very easily made. If the thread is 
to be a right-hand, the lines should run up toward the right 
hand, as seen in Fig. 10 {b), and if it is to be a left-hand 
thread, they should run up toward the left. 

37. When a double thread is required, instead of start- 
ing to draw the lines from point 2 to the corner, point 1 to 
point Jf.^ point 3 to point ^, etc., they should be drawn as 
indicated by the broken lines, so that each line advances two 
divisions instead of one. By following out this system, any 
number of threads can be drawn. If the lines advance three 
points, a triple thread would be formed; if they advance 
four points, a quadruple thread, and soon, until the number 
of threads and the angle are so great that it is called a spiral 
gear in place of a worm. 

38. If the entire surface of the paper were covered with 
glue, the moisture of the glue would stretch it so that the 
ends, instead of meeting, would overlap. This can be 
avoided by simply placing a little glue along the ends and a 
spot here and there on the inside of the paper, and not cov- 
ering the entire surface with glue. After this is done, the 
paper should be laid down and the pattern rolled over it, 
when the paper will adhere to the pattern and take its proper 
position. 
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39. Forming the Thread. — The cutting of the thread 
may be done with a back saw, but, before beginning the 
work, two pieces of hard wood about ^ inch thick should be 
fastened to the sides of the saw to act as guides and to pre- 
vent the saw from cutting beyond the desired depth. With 
the saw thus prepared, two spiral lines may be sawed about 
the worm and the space between removed with a chisel, 
after which the form of the thread can be finished out to a 
templet, as shown in Fig. 10 (^). The form and angle of 
this templet will depend on the kind of thread to be cut. 

Some patternmakers have two small holes drilled through 
their back saw to enable them to fasten wooden guides upon 
it, while others allow the guides to project beyond the ends 
of the saw to secure them togjether by means of screws. 
After the thread has been formed to the desired shape, the 
pattern may again be placed in the lathe and sandpapered. 

A worm, especially long worms, may be roughed out on a 
circular saw. The worm is turned to the desired diameter, 
the spiral laid out upon it, and one or two turns worked 
out y\ or i of an inch deep at one end, so as to form a 
guide. A wooden box or guide is so placed on the saw table 
that the saw will enter the groove parallel to the thread of 
the worm. A small pin one turn in advance of the saw 
blade engages the groove which has been worked out by 
hand. The operator rotates the worm against the guide 
by hand, and the small pin feeds it along the guide. The 
saw cuts a. groove which is a continuation of the groove 
worked out by hand, and after the guide pin has passed the 
portion worked out by hand, it engages the portion cut by 
the saw, and the work becomes continuous. A groove ^\ to 
J inch deep is sawed down on each side of the thread the 
entire length of the worm. The saw is then moved over 
and the table lowered slightly so that another cut can be 
taken next to the one previously made. The guide pin must 
be readjusted each time so that the saw will rough out the 
stock almost to the face of the thread. By repeating this 
operation, practically all the material in the groove can be 
sawed out in a very short time. 
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PATTERN FOR IVORM-GBAR. 

40. Requirements and Form of Tooth. — If a 

worm-gear is to mesh with the worm described in Arts. 3^ 
to 39, the wheel being 21i inches in diameter, IJ inches 
pitch, and having 39 involute teeth, the work may be done 
as here described. Involute teeth may be laid out by the 
Willis odontograph, as described later. Many patternma- 
kers shape the thread of a worm the same as that of the tooth 
of the gear in which it is to work, but in this case the sides 
of the thread have the form of involute teeth and should be 
straight and at an angle of 75° with the axis of the worm. 
This is the correct form for the involute rack tooth and the 
worm is similar to the rack in this case. 

41. Buildlns: Up the Body of the Pattern. — A 

section of a worm-gear pattern is shown in Fig. 10 (^), 
the pattern being parted on the line a h. In turning the 
pattern, the face plate should be the same diameter as the 
rim so as to allow the ends of the teeth to be turned off. 
Each half of the pattern should be built up separately with 
the parting joint of the pattern against the face plate. The 
outside of both halves of the pattern should be roughed off 
and the inside faces of the arms finished carefully, care 
being taken to turn the inside of both halves to the same 
diameter so as to make the chucking easier. When this is 
done, the rings are chucked by the inside of the rim so that 
the parting face of the pattern is on the outside. If the 
arms have already been placed in the pattern, this chucking 
may be accomplished by means of segments nailed or glued 
to the face plate, and so placed that they will fit between the 
arms. The outside of these segments is then turned so that 
the pattern will just fit over them. The outside of the rim 
should then be finished to the required size and blocks for 
the teeth fitted upon the periphery. 

42. Fastening and Faclns: the Teeth. — The blocks 
for the teeth should be fitted and glued on with the grain 
of the wood running at the same angle as the teeth at the 
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pitch line, the width of each block being equal to the pitch. 
The angle of the teeth is laid out as shown in Fig. 10 {/), 
in which ad represents the circumference of the worm on 
the pitch line and ac the pitch, while the angle a be will rep- 
resent the angle of the teeth at the pitch line. The three 
blocks at I, Fig. 10 (rf), are shown fastened on at the proper 
angle. These blocks are fastened on before taking the first 
half of the pattern from the lathe and they should be faced 
off true with the parting line of the pattern. The groove 
shown at //, Fig. 10 (^), may also be turned at this time. 

After the first half of the pattern has been turned and 
removed, the second half is chucked and turned and the 
blocks for the teeth fitted on, care being taken to so place 
the blocks that they will come in line with those on the first 
half when the arms of the pattern are in their proper posi- 
tion. A projection should also be turned upon the pattern 
to fit the groove //, Fig. 10 (^), and this groove and pro- 
jection will serve to locate the two halves of the pattern 
concentric with each other when they are brought together. 

The two halves should now be put together before the 
second half is removed from the lathe, the second half 
being secured to the first half by means of screws or clamps. 
The blocks for the teeth should be turned off on the ends 
and finished to the proper form, as shown at/. Fig. 10 (^). 
To provide a good surface for laying out the teeth, the 
blocks should be varnished yellow and sandpapered. 

43. Laying Out and Forming the Teetli. — In 

Fig. 10 (c) a series of teeth is shown from c to d with one- 
half of the gear pattern removed so that the section of the 
teeth on the center line and their contact with the worm 
may be more clearly illustrated. The projection of the por- 
tion of the teeth that extends beyond the center line is not 
drawn in. In the portion of the figure from e to /, three 
teeth are shown, illustrating an end view of them. Owing 
to the fact that the teeth on the outside edge of the worm- 
wheel have a greater pitch diameter than those in the 
throat, they will have a greater chord pitch, and hence if 
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the teeth are formed of the same cross-section clear across 
the face of the worm-wheel, the worm will not fit them 
perfectly. The longer the portion of the worm which en- 
gages the worm-wheel, the greater the error which can be 
produced from this cause. To remedy this, the outer ends 
of the teeth should be cut thinner than the theoretic thick- 
ness. In order to determine the amount to be pared off 
from the outer ends of the teeth, it should first be deter- 
mined how many of the teeth of the worm-wheel are in 
contact with the worm at one time, and a pair of dividers 
should be set to this contact distance. This distance can 
then be compared with the thickness of the teeth at the 
outside edge, when it will be found that the dividers are set 
to a considerabfy smaller dimension than the over-all dimen- 
sion of the corresponding number of teeth. One-half of the 
difference between the divider setting and the over-all dis- 
tance of the teeth at the outside of the worm-wheel should 
be pared off from each side of the teeth at the outer edge, 
and this amount should taper to nothing at the center. In 
laying out the amount to be removed, measurements may 
be taken at two or three points along the teeth. This error 
is very much more noticeable in worms having a long 
contact. 

44. In the form of teeth shown, the tooth curves may 
be struck in with a compass, providing the proper center 
has been ascertained. This is done by means of the odon- 
tograph, which is shown at ^, Fig. 10 (c). The odontograph 
is shown more plainly at rtr. Fig. 11. The instrument 
consists of a 75° angle divided off into ^-inch spaces. on 
one side for 4 inches in length, the :J^-inch spaces being 
subdivided. When in use, the zero point of the instru- 
ment is placed at a point on the pitch line that corresponds 
with an intersection of the face of one of the teeth with the 
pitch line, and the plain side cd oi the instrument is placed 
on a radial line, as indicated in Fig. 11. A distance corre- 
sponding to the radius of the gear is then read off on the 
graduated side of the instrument, the quarter-inch spaces 
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being read as inches. This will locate a point from which 
the tooth curve can be struck. In the case of the wheel 
under consideration, the diameter is 21J inches and the 
radius lOJ inches. This is so near 11 inches that, for prac- 
tical purposes, 11 inches could be read off on the odonto- 
graph and the point placed for the center of the tooth curve. 



This method is continued around the entire gear. The 
diameter of the circles containing the centers of the circles 
forming the tooth curves are usually furnished by the 
drawing room and placed upon the drawing. When this is 
not done, the odontograph may be used, 

45. To insure the proper angle on the face of the tooth, 
the center of one of the blocks on each side may be located 
on the pitch line and the spacing on the two sides continued 
from this. If the blocks have been placed at the proper 
angle, this will insure the teeth being at the proper angle. 
It is also well to take the pattern apart and lay off the tooth 
s at the center on one-half of the gear. This half is 
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then trimmed to the proper form and placed in contact with 
the other half, after which the remaining portion of the 
teeth can be shaped. 

46. Strensthenlns tlie Pattern Arms. — Since the 
arms of the pattern are made in halves, they are thin, and 
therefore weak. In order to give them the greatest pos- 
sible amount of strength, the joints at the center should be 
tongued and the hub on each side glued and screwed to the 
arms, which will, in most cases, give the requisite amount 
of strength. Only one dowel-pin will be necessary to insure 
the halves of the pattern going into their correct positions, 
as the annular groove and tongue shown at //, Fig. 10 (rf), 
will center them, and all that is necessary is to bring the 
teeth into the correct relationship on both halves. 



FLrYWHEELS WITH HOLrLrOW ARMS. 

47. Advantages of tlie Different Designs of Fly- 
^w'lieels. — Many persons contend that flywheels whose rims 
are made in 8 or 10 sections would be just as strong if cast 
in halves. When the rim is made in a number of sections, 
the arms and hub are made separate and the parts bolted 
together; while, when the wheel is cast in halves, the arms 
and rim are usually cast together. It is certainly cheaper 
to cast wheels in halves than in a large number of segments. 
The matter of first cost, however, should always be made 
secondary to that of durability and strength, on account of 
the fact that a bursting flywheel is liable to cause great 
damage. 

48. The method of making the wheel in sections pos- 
sesses certain advantages, among which may be named the 
fact that it is more easily handled in the shop and is not 
subject to as great strain from shrinkage as one made in 
halves. On the other hand, when the wheel is made in sec- 
tions, there is danger of the loosening of the bolts and joints, 
and a wheel built in sections is generally more difficult to 
balance than one cast in halves. Flywheels with solid arms 
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are often cast in halves, especially when of comparatively 
small diameter. The flywheel described in the following 
articles and illustrated in Fig. 12 is 20 feet in diameter with 
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Pig. 12. 

a 50-inch face, and weighs about 22 tons. It was success- 
fully cast in the kind of mold described and has been run- 
ning for several years. Ordinarily, such a large wheel 
would have been cast in sections. 

49. Strcngtli of Arms. — The necessity of making a 
flywheel strong enough to withstand the shrinkage strains 
of cast iron while cooling is sometimes overlooked. The 
cross-section at the small part of the arm may be made 
large enough to withstand all working strains, but not 
strong enough to withstand the strains due to cooling. For 
this reason, most flywheels that give out crack while cool- 
ing in the foundry. This cracking is usually due to an 
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insufficient amount of metal in the arms, compared with the 
other parts, thus causing the arms to cool too quickly. The 
molder often prevents this by uncovering the heavy parts 
of the casting first, especially the hub, thus allowing the 
whole casting to cool simultaneously, or nearly so. The 
shrinkage strains, however, may be so great, owing to 
ill proportioning, that, with all the precautions a molder 
can take, the wheel will break, and hence the draftsman 
should always consider the shrinkage strains when design- 
ing the flywheel arms, and the patternmaker should have 
sufficient knowledge of molding so that he will be able to 
judge as to the results that will occur when making any 
given casting and will also be able to help the draftsman in 
correcting any faulty designs. 



FIO. 18. 

60. General Consideration of Flywheel Mold. 

The flywheel shown in Fig. 12 may be molded as shown in 
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Fig. 13, the greater part of the mold being composed of dry- 
sand cores. The portion of the mold for the arms is formed 
by the outside cores shown at a, Fig. 13 {it) and (/?). The 
cores to form the inside of the arms are shown at d. The 
space c between the cores ^ and the rim of the wheel rfis filled 
with green sand, which is rammed against a part pattern, as 
shown. • The outside of the mold is composed of curved 
cores e, Fig. 13 (d) ; the portion of the mold for the hub is 
formed by the cores/ and ^, while the opening through the 
hub is made by the cores // and t. 

51* Appliances for Making: Cores for tbe Out- 
side of the Arms. — A core box for the outside of the arms 
is shown in Fig. 14 (a) and is fitted with interchangeable 
pieces a in the end of the box. These interchangeable 
pieces are for 
forming the hub, 
or rather for form- 
ing the space for 
the hub cores. In 
Fig. 14 (^) is shown 
a plan of the hub 
cores, and three 
sections must be 
made to corre- 
spond with those 
numbered i, ^, 
and 3. These 
three sections are 
used at a, Fig. 14 {a), in forming the arm cores. By refer- 
ence to Fig. 13 {6)y it will be seen that the cores b are sup- 
ported at their outer end upon the cores j and k, and also 
by chaplets ;;/. In order to provide for the cores j and k, 
the core box shown in Fig. 14 (a) must be provided with 
core prints b. These are also shown in the partial sections 
of the core box. Fig. 14 (r) and (^). 

52. Core Box for Inside Arm Cores. — A core box 
for making the cores *, Fig. 13 (a) and (^), is shown in the 
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three views. Fig. 14 (c), {/), and (^). It will be noticed 
that the pieces a and d are fastened into these core boxes 
to form openings for the stays or webs o and n, as in 
Fig. 13 {a); core prints c are provided to receive the ends 
of the cores _;' and i. Fig. 13 (A). In the case of the cores 
for both the inside and the outside of the arms, only half 
core boxes are necessary. 

63. Core Box for the Outside of tbe Rim. — The 

core box for making the core *■, Fig. 13 (d), for the outside 
of the rim is shown in Fig. 15. The box is very simple in 
construction, being composed of a simple rectangular box 
having perpendicular ends a and d and inclined sides c and </. 
The face e of the box is open, so that the core can readily be 
removed in this direction. The upper faces of the ends a 
and d are shaped to the same curve as the ends of the core e, 

Fig. 13 (d). There are also two 

' ribs / and g^, which are placed 

across the box at a sufficient dis- 
tance apart to form the inside of 
the core. It will be noticed by 
reference to Fig. 13 (3) that the 
cores are longer than the width of 
the rim, and the distance from out- 
^'"^ "■ side to outside on the ribs / and g- 

is equal to the width of the rim, a proper allowance for 
shrinkage having been made. Instead of making the entire 
upper surface of the core box and ramming the core be- 
tween it and the back plate on the ribs f anA g, the sand 
between them is swept out by means of the strickle //, which 
runs on the ribs_/"and^. The core is alt rammed from the 
upper or inner face, the central portion swept out with a 
strickle and then the core box lifted off, thus leaving the 
finished core on the core plate ready for drying. 

S4. Core Boxes for the Hub.— The cores i and k. 
Fig. 13 {b), are made in ordinary circular tore boxes or 
swept up upon iron arbors, and hence no description of the 
core boxes need be given. The cores f and g are made in 



§ U PATTERNMAKING. 39 

halves in the box shown in two views in Fig. 13 (c). The 
cores for making the bolt holes/, Fig. 13 (^), are supported 
in the recesses left by the core prints a, Fig. 13 (c). These 
bolt cores are made larger in the center so as to chamber 
out a portion of the hole and thus reduce the work necessary 
in drilling and reaming the holes and fitting the bolts. 
Making the cores /and g" in halves greatly facilitates the 
placing of the cores for the bolts/, Fig. 13 (b). 

55. Green Sand Work in Connection Witli tlie 
Mold. — The mass of green sand seen between the rim and 
cores a is rammed against the part pattern, shown in place 
at d, Fig. 13 (^), and also shown in section at Fig. 13 (d). 
The inside rib a is not built up with the segment or part 
pattern, but is separate and screwed on after working off 
the inside of the segment, this "being a much easier way 
than building the rib in the pattern. The two ribs d and c 
are also made separate and screwed on the segment after the 
body is completed. 

The segmental pattern is made wider than the face of the 
wheel required, in order to make allowance for the ends of 
the core, as shown at r. Fig. 13 (b). The segmental pat- 
tern is held in place by two wooden arms s, Fig. 13 (^), and 
the lower portion of it is braced by suitable braces /, 
Fig. 13 (d). At the center of the mold, the arms s are at- 
tached to a center pin u, as shown in detail, Fig. 13 {e). 

56. The segmental pattern is represented with the 
lug V for bolting the wheel together upon it. This lug 
is removed when ramming up the space between any 
two arms whose centers do not come on the joint line of the 
wheel. After the green sand portions c have all been 
rammed up, the cores e, Fig. 13 (b), are placed in position. 
The mold, if above the floor of the foundry, is surrounded 
with a ring of boiler iron, and green sand is rammed in back 
of the cores e. In some cases, the mold is built in the 
foundry floor and sand is simply rammed back of the cores e 
so as to fill the remainder of the pit. This wheel could also 
be made by building up the outside portion with brickwork 

S. Vol. IV.^i2. 
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and sweeping loam upon it, instead of using the cores e^ 
Fig. 13 (A). As the wheel is to be turned on the outside, it is 
not important that it should be smooth, and the method here 
illustrated is in many cases cheaper and more convenient. 

57. In order to form a joint for the wheel, cast-iron 
plates, similar to those shown at Fig. 13 (/"), are introduced 
into the joint to fill the space left by the core print w upon 
the segmental pattern. These plates have a series of holes 
in them through which the cores for the bolt holes are to be 
placed. The holes in the plates should be \ inch or so 
larger than the cores for the bolt holes, so that some metal 
may flow through the holes and around the cores, thus giv- 
ing an abutting surface surrounding each bolt. The hub of 
the wheel is also split by means of cast-iron plates, but no 
allowanco is made in the case of the holes in these plates to 
have an abutting surface of metal about the cores for the 
bolts. All the venting from the cores in this mold is taken 
care of through the center cores h and i. 



PATTERNS FOR SCREW PROPELLERS. 

58. Development of the Curve for tbe Blades. 

In order to lay out the curve representing the pitch of a 
propeller screw, the following method may be used. If a 
cylinder were drawn with a diameter as shown in Fig. 16 (rt), 
the diameter being equal to the distance across the points of 
the blades of the propeller and the line a b equal to the pitch 
of the screw, then the curved line joining these two points 
would represent the course of the blades if they were con- 
tinuous. In order to determine the angle that these blades 
make, lay off bc^ equal to the circumference of the cylinder, 
perpendicular to a b^ and join the points a and c. The line a c 
will represent the length of the screw between a and ^, and 
the angle at e will represent the angle that it makes at any 
point on the surface of the cylinder. If a piece of paper of 
the form abc were cut out and wound around the cylinder, it 
would form the spiral shown and the point c would come 
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around to the point b. If it were desired to continue this 
spiral about the cylinder, other lines parallel to the line ac 
could be drawn as represented by the dotted line y^ and, if 
this were wound around the cylinder, it would form a con- 
tinuation of the spiral, the point d coming to the point a^ 
etc., thus making a continuous thread. This method is the 
same as that used in laying out the threads on worms. The 
curved line representing the thread about the cylinder 
shown in Fig. IG [a) is of no use in laying out the drawing, 
but has simply been projected for the purpose of illustration, 
the projected points being numbered the same in the half 
plan of the cylinder and in the elevation, so that the 
method of projecting may easily be understood. The angle 
at e that the outer end of the blade makes with the direc- 
tion of its center line is the important point in the laying 
out of a screw propeller wheel. 

59. Styles of Patterns. — Usually, a whole pattern is 
made for a small propeller wheel having three or four blades, 
as such a pattern saves much time in the molding, but when 
the pattern is 5 or 6 feet in diameter or is not liable to be 
used often, the molder can make a pattern for one blade 
answer the purpose for three or four by moving it around 
the spindle and ramming up the cope and drag in sections. 
The principles here given for building up one blade will also 
apply to a pattern having three or four blades. 

60. Laying Out of the Blade.— Fig. IG (*) shows 
one manner of laying out a propeller blade when there is no 
rake aft. Having obtained the angle of pitch ^, Fig. 16 (^), 
it is an easy matter to transfer it to the blade. To accom- 
plish this, draw the line //across the center of the hub, and 
draw the line gg at an angle e with // the intersection 
being at the point x upon the vertical center line of the 
hub. Where the lines// and gg intersect at x is the cen- 
ter of the blade represented by the line hh in the plan, and 
through this line the face must pass. 

Having located the lines //// and //and the angle e on the 
hub, the outline and longitudinal section of the blade are 




§ 34 PATTERNMAKING. 43 

laid out, the longitudinal section of the blade being shown 
cross-sectioned in the upper view and the outline of the end 
being shown in full lines intersecting the line g g. It will be 
noticed that the outline does not exactly coincide with the 
line g g. This is so because the ends ii recede from the 
line^^ in order to conform to the surface of the cylinder 
and hence appear above and below the line g g. 

The section on the line h It shows the actual thickness of 
the center of the blade lengthwise, while the outline on the 
line i i does not show the actual thickness, because it is pro- 
jected. The shape of the outline of the blade is drawn on 
the pattern after it is built up. Different designers hold 
various opinions as to the best outline for a propeller, and 
the one chosen has simply been adopted for the sake of 
illustration. 

61. To get the cross-section of the blade at the hub, 
the angle that the blade makes at the hub must be deter- 
mined. This is done by drawing the lines from k k \r\ 
the upper view until they cut the same upper or lower lines 
that gg do in the lower view, as shown at k' k\ Then k k 
will be the angle, but the intersection of the blade at k A, 
falling as it does on the round surface of the hub, will not 
appear straight as shown. It is drawn so in order to sim- 
plify the drawing, and, as it is intended for the pattern- 
maker's working drawing, will answer all practical purposes. 
The cross-sections at // and m in are omitted, but they may 
be obtained by projecting lines from the points at which these 
intersect the lines bounding the sides of the blade on to the 
lower view, and drawing diagonal lines similar to k^ k\ upon 
which the sections may be drawn. 

62. Bulldlnfc the Pattern. — Having obtained all 
the lines needed, the material for the pattern may be gotten 
out. Care must be taken to see that each course is parallel, 
for, if it is not, the building up will give trouble and cause 
the pitch to vary from that desired. In the lower view. 
Fig. 10 (/;), it will be noted that the patternmaker is guided, 
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in forming the straight face of the blade, entirely by the 
positions of the corners of the segments as they are laid up, 
these segments being brought into contact with the line i* i. 
For the sake of illustration, the material is cut as close to 
the line on the back of the blade as it is on the face, but 
there ought to be more stock allowed on the back than 
is represented in the drawing. In Fig. 16 (r) are illustrated 
the first three courses of the pattern numbered i, 2^ and 3. 
The width of each course is determined by the end view, 
Fig. 16 (^), and the width at ^ ^ is obtained by drawing a 
circle on each course with a radius equal to r in the plan in 
Fig. 16 (^), and then transferring the different widths as 
seen at the section k' k' in the end view and adding enough 
stock to form the fillet at the hub. 

63. In cutting out the courses, the grain of the wood 
should run as indicated by the arrow shown opposite seg- 
ment 2 in Fig. 16 (^), as this will make the cutting and 
shaping of the blade much easier than if the material were 
sawed out with the grain running straight. 

A wooden pin should be turned the same diameter as the 
spindle upon which the pattern is to be used and a hole 
bored in each segment to fit fhis pin. The courses of the 
blade are then slipped over the pin in their proper order, 
thus keeping all the courses parallel to one another, and at 
the same time permitting them to be swung to their proper 
positions. 

Although each course may be of even thickness and the 
correct bevel laid off on the end of each piece, there is 
danger in the building up of the courses that they may lean 
over too much. To prevent this, it is a good plan to make 
an angle piece as shown in Fig. 16 (rf). This angle piece 
is laid off with the same angle as that shown at r. 
Fig. 16 (rt:), and is used for a guide and support while 
building up the blade. The angle piece is built in the 
form of a cylinder, having a circumference equal to that of 
the periphery. Each course for the periphery of the blade 
is beveled off for a short distance in from the end so as 
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to rest on the incline of the angle piece, care being taken 
not to destroy the upper radial edge of each course in 
doing so. 

After the cburses are all placed in position and glued 
together, the straight face represented by /' /"' on the outer 
edge and k* k' on the inner edge is worked off to the proper 
curves, the patternmaker being guided by the edges of the 
courses. When this is complete, the back of the blade 
is worked off to a templet, different templets having been 
made for several cross-sections, as, for instance, on the 
lines //and mm in the plan shown in Fig. 16 {b). 

While this pattern is shown built face down, with the 
ends of each course resting upon the angle piece, it may be 
built face up, and, by some patternmakers, the latter 
method is preferred, because it is plain that they can see 
better to guide the face edges right when they are on the 
upper side than when they are on the lower, but this is 
only a matter of individual preference. 

64. Practically all propeller wheels are constructed with 
a slight rake aft, and this has to be taken into account in 
building a pattern. To allow for this rake it may be neces- 
sary to use one or more segments that do not extend to the 
hub or to cut away the hub end of some of the segments 
after they are in place. Propeller wheels are also frequently 
constructed which do not have a constant pitch. In this 
case the pitch is specified for certain points and the inter- 
mediate points are worked down so that the surface at one 
point blends into that at another without any sudden 
changes in form. To construct a pattern for a propeller 
wheel having a variable pitch, it is necessary to construct 
templets for several points at the face of the blade. Both 
in the case of propeller wheels having a constant pitch and 
in the case of those which have a variable pitch, some 
patternmakers construct a series of forms and build the 
pattern upon them. When this method is followed, a series 
of concentric circles are drawn on the board on which the 
pattern is to be built and the angle for the blade at each 
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one of these circles is calculated and a piece of metal cut 
out similar to the wooden form shown at Fig. 16 (i/). 
Wooden guides are then sawed to the radius of the circles 
drawn and the metal forms fastened to these. The pro- 
peller wheel is then laid up, each succeeding segment being 
fitted against all the guides; after the pattern is built up, 
the material between the guides is worked off. This fin- 
ishes the flat side of the propeller wheel. The form of the 
blade is then laid out upon this surface and the stock 
surrounding it cut away. In order to give the proper form 
for the other side, either one of two methods may be 
followed. In the first, a series of templets are made and 
the back of the blade worked down to these templets. In 
the second, the thickness of the blade at different points is 
calculated, small holes are bored through the blade at these 
points, and pegs are cut off to a length which will corre- 
spond to the thickness at these various points. These pegs 
are glued in the holes so that one end is flush with the flat 
side of the blade. After this the other side of the blade is 
worked off flush with the ends of the pegs. 

65. Propeller wheels are also sometimes molded in loam, 
the lower face corresponding to i' t' and k* k' in Fig. 16 (fi) 
being swept up with the aid of a guide similar to that 
shown at Fig. IG {(/). The blades are then built up from 
molding sand by means of templets, after which the cope is 
rammed. The cope is then lifted, the molding sand occu- 
pying the place of the blades cleared away, and the mold 
made ready for casting. When this method is followed, the 
casting is really obtained from a sand pattern. As this 
matter interests the molder more than the patternmaker, 
no further description of it will be given here. k 




FOUNDRY WORK. 

(PART 1.) 



INTRODUCTION. 

!• Founding: is a trade that involves some knowledge of 
almost every operation required in the making of machines; 
and men well versed in the mechanic arts assert that the art 
of founding demands greater mechanical skill, caution, and 
good judgment than any other of the allied trades. The art 
of founding is largely dependent on the hand and mind for 
results, machinery having played but a small part in the 
work of moldera compared to what it has done for work- 
ers in most other trades. 

There are three branches of molding, termed, respect- 
ively, green-sand^ dry-sand^ and loam molding. Green- 
sand molding involves the making of castings in molds 
that are composed entirely of sand in a damp state, or that 
have their surfaces **skin dried." 

Dry-sand molding involves the making of castings 
in molds that are made with sand in a damp state, after 
which the sand is dried in an oven, or otherwise, so as to 
remove all moisture and leave the body of the mold dry and 
firm. 

In loam molding, the castings arc made in molds con- 
structed with sweeps and skeletons of patterns; a mixture of 
loamy sand and other material is used to form the face of 
the mold, brickwork forming the outer and inner supports. 
This class of work, like dry-sand molding, requires thorough 
drying before the molds are cast. 
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The practice of some shops embraces all three branches, 
but most foundries make only green-sand molds. There is 
generally more risk in making medium and large castings 
in green -sand molds than in dry-sand or loam molds. In 
many cases, a poor class of molders or inexperienced men 
may be employed for making dry-sand molds, but it is 
seldom wise to trust other than skilled workmen with the 
construction of green-sand molds, especially in heavy work. 
Loam work varies very much in the degree of skill required. 
Some classes of loam molds permit the employment of 
inferior workmen, while others demand extraordinary ex- 
perience, skill, and good judgment in their production. 



TERMS USED 11^ THE FOUNDRY. 

2. The following are some of the most common terms 
used in founding: 

Flask. — A flask is a frame or box that keeps the sand in 
place while the casting is being made. Flasks may be made 
of wood or metal. Wooden flasks are shown in Figs. 13 
and IG, while an iron flask is shown in Figs. 14 and 15. A 
flask is composed of two or more parts. When composed 
of two parts, the one molded first, and which stands lowest 
while the mold is being poured, is called the nowel or 
dras, while the portion which is molded last, and which 
stands uppermost while the casting is being poured, is called 
the cope. When a flask has more than two parts, the por- 
tions between the cope and the nowel are called Interme- 
diate parts or cbeeks. 

Molding: Board. — The molding board is the board or 
plate upon which the pattern is placed while ramming the 
sand into the nowel. 

Bottom Board. — The bottom board is the board or 
plate which is placed on the top of the nowel before rolling 
it over, and hence it becomes the bottom of the mold dur- 
ing subsequent molding and casting operations. 

Pattern. — A pattern is any form used in making a mold. 
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Sprue Pin. — A sprue pin is a wooden or metal pin used 
for making an opening through the cope through which the 
metal may be poured while pouring the casting. 

Dra^nr-Nail. — A draw-nail or dra^nr-splke is a metal 
piece used in drawing a pattern from the mold. 

Dra^winfi: and Rapping Plates. — Drawing and rap- 
ping plates are metal plates fastened upon patterns and 
intended to receive the ends of draw-nails or rapping irons. 
Frequently a draw-nail is threaded and screwed into a hole 
tapped in the draw-plate. The pattern may be loosened by 
rapping sidewise on the draw-nail, but it is better to use a 
rapping iron in a separate hole. 

Gate. — A gate is an opening in the sand which connects 
the sprue with the opening left by the pattern. The term 
is also applied to the body of metal which occupies this pas- 
sage after the casting has been poured. 

Sprue. — A sprue is the opening left by a sprue pin and 
through which metal is introduced into the mold. The 
term is also applied to the metal which occupies the opening 
after the casting has been poured. 

Riser. — A riser is an opening from the pattern to the 
face of the mold through which gas may escape and the sur- 
plus metal rise above the face of the casting. 

Shake. — Shake is an allowance made on a pattern, on 
account of the fact that the mold is usually larger than the 
pattern, owing to the fact that the pattern has to be rapped 
sidewise in order to loosen it in the mold so that it may be 
removed, and the allowance necessary on account of this 
increase in size is called an allowance for shake. Such an 
allowance is made only on patterns under 4 inches in cross- 
section. 

Draft. — Draft is a term used to denote an allowance 
which results in the increase of certain dimensions of the 
pattern so that the face may be the largest cross-section of 
the pattern and that all surfaces tending from the face may 
form an angle of less than 90° with it. An allowance for 



4 FOUNDRY WORK. § 35 

draft is made to facilitate the withdrawing of the pattern 
from the mold. 

Moldlnij: Sand. — Molding sand Is composed of a mix- 
ture of sharp sand with a certain amount of clay and the 
term is used to cover a large variety of sand employed in 
the different branches of green-sand molding. Sand is said 
to be aliarp when its individual grains are angular, and 
dull when its individual grains are round. Sand is said to 
be strong when a body of it manifests a disposition to 
retain any shape that may be given to it, and iweak when it 
tends to fall apart and will not retain a given shape. Other 
things being equal, the sharper the sand the stronger it is; 
but the sharpest sand is weak without some cementing 
admixture, as clay. If molding sahd is too sharp it will 
not hold its shape, and if too strong it will not permit the 
gases to escape through it during the casting. 

Parting: Sand. — Parting sand is a general term applied 
to any material used to prevent two surfaces of a mold from 
adhering. It is usually made from sharp or burned sand. 

Fireclay. — Fireclay is a clay capable of withstanding 
intense heat. It is used for lining ladles, to line cupolas, 
and in places where great heat must be resisted. It is also 
used as a clay wash for strengthening molding sand. 

Facing. — Facing is a general term applied to any material 
used for lining the walls of a mold, for the purpose of im- 
proving the finishing of a casting. 

Rammer. — A rammer is a tool used for tamping the 
sand in the mold. There are two classes of rammers, called 
hand rammers, which are used for light molding and are 
only 16 to 20 inches in length, and floor rammers, which 
are intended for heavy ramming and are usually several 
feet in length. In Figs. 14 and 15 the floor rammer is 
shown in use. One end of the rammer has a flat rectangular 
point called a peen, as shown at r, Fig. 13, and the other 
end a large flat surface called a butt, as shown at d^ Fig. 13. 

Steve. — A sieve is a tool used for sifting sand or for 
removing coarse material from the sand. The hand sieve 
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is composed of a circular frame, the bottom of which is 
covered with wire cloth. 

Riddle. — The riddle is a coarse sieve. 

Troiwrels. — There are a large number of forms of trowels 
used in molding and they will be illustrated in connection 
with the work upon which they are required. 

Slickers. — Slickers are small trowels or trowel-like tools 
used for finishing the face of molds and will be illustrated 
in connection with the work on which they are required. 

Gaters. — Gaters are small trowels or bent pieces of sheet 
metal employed for cutting the gates from the bottom cf 
the sprue to the casting. 

Vent. — A vent is any opening in a mold provided for the 
escape of gas or steam. 

Vent Wire. — A vent wire is a small rod or wire used for 
forming a vent. 



GREEN-SAND MOLDING. 

3« Grades of Sand. — The sand for making u:reen- 
«»and molds should vary in its physical qualities according 
as the castings to be made are light or heavy. For light 
castings the sand should be of a fine grain, while heavy 
castings require sands that are of an open, coarse-grained 
texture. If the sands that are best fitted for heavy work 
are used in making light work, the castings will have a 
rough skin, or surface. If the fine sands suitable for light 
castings are used for making heavy ones, there will be 
great danger of creating scabs, or causing the castings to 
blo^w, on account of the sand being so fine in texture that 
it will not allow the gases (created at the face of the mold by 
heavy bodies of molten metal) to escape freely through the 
sand and vent holes of the flasks. 

4* Chemical and Physical Character of Sand. — 

Sand varies more in its physical properties than in its chem- 
ical composition. The chief constituent of sand is silica, 
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though it also contains alumina, lime, iron oxide, together 
with other elements that may be present in some grades of 
sand and absent in others. Chemical analysis has thus far 
rendered but little aid to persons in the selection of differ- 
ent grades of sand. 

5. 'Where Molding Sand Ih Pound. — MoIdltiE 
sand suitable for medium-weight and heavy green-sand 
castings is found in almost every part of ihe United Stales. 
Sand for light work is the most difficult to obtain; many 
light-work foundries are compelled to rely wholly on the 
fine sand found in and around Albany, New York. This 
sand makes the finest light-work castings produced in the 
country. It is good for brass molding as well as iron. 



PREPARING THE SAND. 



TEMPERING THE SAND. 

6. Meaning of Term. — In mixing or tempering 

sand by band, the shovel should be used in such a manner 
as to scatter the sand, 
as shown in Figs. 1 
and 2. This is done 
by giving the shovel 
a twist with the hand 
that holds the handle 
end. When shoveling 
sand from one place 
. ■. to another without at- 
tempting to mix it, 
the sand is sometimes 
allowed to leave the 
shovel in a solid mass, 
as shown in Fig. 3. 
' ' " This method of shov- 

'"■ '' cling permits of throw- 

ing the sand to a greater distance, and, hence, is used when 
shoveling sand from place to place, as from a car to a bin. 
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A molder or helper should learn to shovel either right- or 
left-handed, so as to be able to take either side of a sand 



heap when working with an assistant; note the different 
relative positions of the two men in Figs, 2 and 4, A clear 
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space of from 1 to 2 feet should be maintained between the 
pile from which the sand is being shoveled and that upon 



which it is thrown, as in Figs. 3 and i. If this is not done, 
much of the sand will escape thorough mixing. 

7. Shovels. — In Fig. 5 are shown the two kinds of 
shovel in general use, (a) having a flat blade, while (^) has 




turned edges. The flat shovel is generally used for light 
floor work and bench molding, while shovel (i) is used for 
heavy molding and digging out holes. 

A inolder should never work with a dirty shovel. When 
in use the shovel should be kept clean by scraping as 
shown in Fig. 0. When put away for the night, or if 
not in constant use, a shovel should be cleaned of all 
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dirt and oiled with a greasy rag to prevent its getting 
rusty. There is nothing that de- ~ ' 

notes the poor or slovenly molder 
more than working with a dirty 
shovel. 

8. Wettlns Down the 
Sand. — In throwing water on a 
sand pile with a bucket or hose, 
it should never be thrown in a 
body on one spot, as that will 
form mud- holes and involve a 
loss of time and labor in mixing 
the mud with drier sand in order 
to temper it. If the sand is very 
dry, water should be sprinkled 
upon it from a hose, or by being 
thrown from a bucket as in Fig. 7. 
When the sand has been damp- via. e. 

ened nearly to its right temper, so as to require but little 



FOUNDRY WORK. 



§35 



more wetting, it should be sprinkled by hand from the 
bucket, as shown in Fig. 8. 




9, Slevei* and Riddles. — The meshes or openings of 
a Nltfve range frum the fineness of a flour sieve up to open- 
ings i inch square; 
when the openings 
are above i inch 
square, the imple- 
ment is called a rid- 
dle. In Fig. 9, (a) 
Piij J shows a sieve and 

(^) a riddle. In siev- 
ing or riddling sand by hand, the riddle should not be 
held rigidly, as shown in Fig. 10, but should be held 
loosely, so that the butt of the hand can strike, or jar, 
the rim of the riddle as it is swung from one side to 
the other, after the manner shown in Fig. 11. Hitting the 
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rim of the riddle or sieve with the butt of the hand causes 
a jar over the whole face of the raeshes, and this causes the 



sand to pass through the meshes much more freely than if 
the tool were held rigidly, as in Fig. 10. 
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When sieves or ridtiles are not in use, they should not be 
thrown on the damp ground or on a sand pile with the mesh 
side down, as such a prac- 
tice will clog the meshes 
with sand in such a man- 
ner as to hinder the pas- 
sage of sand through the 
screen and also cause the 
wires to rust away very 
rapidly; they should be 
placed either on the sand 
heap with the mesh side 
up, or else hung upon a 
nail, as in Fig. Vi. A 
skilled molder can be de- 
tected by the way he 
handles his sieve and rid- 
Fio. w. die, as well as his shovel. 



PREPAUINli TUB MOLD ItV " MOLLING OVEH." 

FLASKS. 

lO. Fla»k« are open frames of wood or iron, usually 
iionsisting of two parts, though sometimes of three or more, 
so arranged that they may be taken apart and then returned 
to exactly the same relative positions that they had before 
they were separated. For this purpose they are provided 
with special projecting pins and sockets. They have two 
loose covers, called a " top board " and a " bottom board." 
When there are two frames (the cups and the nuwcl) to 
the flask, it is called a "two-part flask": when three frames, 
a "three-part fla.sk "; and so on, for four or more. There is 
a great variety in the shapes and sizes of flasks; the molder 
usually takes the smallest flask in which he can safely make 
the mold for any given casting. The most common fi)rm of 
wooden flask is that shown in Figs. l(i and 35. There is, 
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also, a special type known as a "snap flask"; this opens at 
one corner and has a hinge on the opposite corner, so that 
the flask may be removed from a mold, after the mold is 
completed, and used over again before the mold is poured. 



RAMMING THE MOLD. 

11. Fig- 13 (n) represents the rammlnjc up <>f a deep 
pattern P. The depth of the ramming courses varies from 



4 to 8 inches, according to the strength of the molder and 
the character of the work he has in hand. For the pattern 
shown, a depth of 6 to C inches of loose sand will work well 
in the ordinary molder's hands. In starting to learn how 
to use the floor rammer, beginners generally handle it 
in the manner shown in Fig. 14, which is wrong; the proper 
way to handle it is illustrated in Fig. 15. In starting to 



14 FOUNDRY WORK. g 35 

ram a course of sand, the peen end is used first and should 
be struck down with sufficient force to feel a solid bottom; 
this bottom may be either the mold board c. Fig. 15, or it 
may be the course of sand that has just been rammed, as S in 
Pig. 13, where the peen end of the rammer is shown at c 
and the rammed sand of the previous course at a. In ram- 
ming the space between the pattern and the inside of the 



flask i, the peen is first carried along the face of the pattern, 
as seen at c in the illustration, and then used promiscuously 
over the remainder of the space until it has been rammed 
down fairly well with the peen ; then the rammer is reversed 
and the butt t/ used over all the surface. 

After the butt has been used to ram down a course of 
sand 5 or G inches thick, it leaves, that course from 1 inch to 
IJ inches lower than when finished by the peen, as will be 
seen by comparing the portions c and /"of course 6, Fig. 13. 
The mound seen at j^, Figs. 13 and Ifl, is then rammed down 
tightly with the peen. After this, the hand is used, as shown 
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on the right of Fig. 16, to level down and clean away 
the "facing sand" lying against the pattern (which is 
liable to have common 
heap sand mixed with 
it), to prepare for another 
course of facing and ram- 
ming. In using the rammer 
for the first peening and 
the butting, care should be 
exercised to keep the peen 
and butt about 1 inch from 
the face of the pattern dur- 
ing the ramming, as when 
driving the peen down, it is 
liable, if forced up against 
the pattern, to make a hard 
spot in the face of the mold 
that may cause a scab on 
the face of the casting at 
that point. If the courses 
of sand are not rammed '"■ 

evenly, after the manner just described, the castings are 
very li.ible to be badly swelled at the line of union of the 
courses, and thus appear as shown at (6), Fig. 13; whereas, 
if the courses of sand are rammed evenly, the casting should 
appear as shown at (f). 

In starting on a mold, the patterns should be faced with a 
proper facing sand that has passed through a No. 8 sieve, 
so as to have an even surface on the face of the mold. The 
facing sand is applied to the face of the pattern for a thick- 
ness of from 1 to IJ inches, as at A, A in Fig. 13. After 
this facing sand has been banked against the face of the 
pattern, common heap sand is filled in to the level of the 
facing sand, and the whole is then rammed down with 
the peen and butt of the rammer. In banking facing sand 
against a pattern, it should be carried as high as the common 
sand is intended to go. If this is not done, the result will 
be a seam of common sand, as at i, Fig. 13, separating the 
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parts of the facing against the pattern P. If the facing 
sand is not thoroughly united at the seams of each course 
of ramming, the castings will be rough and often will have 
** burned sand swells "at the seams of all such course of 
ramming. This will make a casting look almost as bad as 
do swells caused by uneven ramming, as seen in view (^), 
Fig. 13. 

12. Hardness Required in Molds. — As a rule the 
sand on the sides of molds will stand harder ramming than 
that on the bottom or the top; and again, the deeper the 
mold, the harder the ramming required at the lower courses. 
As an example, in ramming the mold shown in Fig. 13 
(which is rolled over when rammed full), the courses 5, ^, 
and 7 will require harder ramming than the courses i, ^, J, 
and 4i on account of the static pressure of the metal, when 
the mold is being poured, being greater near the bottom. 
Molten metal behaves like water in this respect; if we fill a 
barrel with water, there is greater pressure on the sides near 
the bottom than near the top. A barrel may be filled with 
water without bursting at the bottom; but if we insert a 
pipe about 15 feet long into a barrel closed at both ends, 
and then fill this pipe with water, the barrel may burst, 
unless it is very strong. It is the same with molds; the 
deeper they are, the harder should the sand be rammed and 
its support strengthened to prevent the static pressure of 
the metal bursting the bottom of the mold and letting the 
metal run out. The extra degree of hardness at the bottom 
portion of the mold, as compared with that near the top, 
depends on the power and time applied in ramming with 
the butt of the rammer. The face of the mold should not 
differ very much in hardness at any point in the height of 
the mold. This evenness is obtained by treating the mold 
with the peen in the same manner at the bottom as at the 
top. If the mold is very high, the lower portion should 
be rammed a little the harder. By keeping the edge of 
the butt of the rammer back about 1 inch from the face 
of the pattern, as explained in Art. 11, some pretty hard 
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butt-ramming can be given to the common sand backing the 
facing sand without getting the face of the bottom portion 
of the mold so hard that the metal will not lie against 
it. By butt-ramming all the surface, up to a point about 
1 inch from the face of the pattern, until it is hard, it is 
possible to make the entire face of the mold harder than if 
lighter butt-ramming was done close to the face of the pat- 
tern. Nevertheless, this plan will not make the face of the 
mold as hard as if greater force were also applied to the 
peen when ramming. Castings having a depth of 4 or 5 feet 
have been made in green-sand molds ; at these depths the 
back support of the molds must be very rigid and the ram- 
ming nearly as solid as it can be made with the butt. Were 
the upper portions of such molds rammed as hard as the 
bottom must be, the castings would blow and scab. 

The reason why the lower portion of a mold will permit 
so much harder ramming than the top portion is that the 
greater pressure of the metal at the lower portion forces 
the steam and gases to escape through the pores and vent- 
ing of the sand. At the top of the mold there is not suf- 
ficient pressure to do this. If a mold is not sufficiently soft 
at its upper end to allow the steam and gases formed at the 
face of the casting to escape freely through the facing sand 
to the rear sand and its vents, they will pass out through 
the metal. When steam and gases escape in this manner, 
they are liable to cause a mold to blow. This may result 
in scabbing a casting or in spoiling it. It should always be 
remembered that steam and gases will pass off where they 
meet with the least resistance. 



DBEP MOLDS. 

13. Dry Sand Required. — While it is true that the 
lower part of deep molds requires hard ramming to pre- 
vent the molds from bursting or being changed materially 
from the size of the pattern, there are conditions other than 
that involved in the ramming that must be provided for and 
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controlled. In using facing sand as well as in using com- 
mon heap sand in ramming deep molds, the sand must be 
worked as dry as possible, and must be freely vented. If 
the damp sand that can be safely used on the sides of shal- 
low molds were used to ram up deep molds, and rammed as 
hard as it should be, the chances are that the moment the 
metal flowed into the deep molds, they would commence to 
blow and send the metal to the roof, spoiling the casting 
and probably burning the workmen standing near by. The 
sides of a mold may be rammed much harder if the sand is 
comparatively dry than if it is wet. The reason for this is 
explained later on. 

14. VentlniE the Mold. — The sides of all deep green- 
sand molds must be well vented. The harder the ram- 
ming, or the damper the sand is, the greater is the amount 
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of venting required. There are several methods used in 
providing these necessary vents. Suppose the pattern in 
Pig. 17 to be bedded lit instead of rolled over, as was 
done in Fig. 13. In ramming the mold, the same plan is 
followed as in Pig. 13, the only difference being that the 
courses 1, 3, and S are rammed the hardest, being the 
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ones that must stand the greatest strain; whereas, the 
courses 1, 3, and S, m Fig. 13, being the uppermost when 
cast, are rammed the lightest. 
In ramming up the pattern by 
"bedding in," Fig. 17, the sides 
can be vented in the following 
manner: After three to four 
courses have been rammed, a 
channel or groove is cut out of 
the solid rammed sand, as shown 
by the letter J in the course 
marked 3, Figs. 17 and 18. This 
done, the channel is vented with 
two rows of ^-inch vents. These 
vents are put in 2 inches apart 
and are kept back about 2 inches ^'°- '*■ 

from the face of the pattern; their position is shown by the 
rods seen projecting from the sand at /, Fig. 10, in which 
illustration the molder is shown in the act of venting 
with a veot w^ire. Two rows of vent holes are shown. 
These are used in cases where extra good venting is re- 
quired, as when the sand is of a fine, close grain and has to 
be rammed hard, or when it is wet. When the sand is 
fairly open in texture, or when hard ramming is not neces- 
sary, and the sand is not too wet, one row of vents will be 
sufficient. After the venting has been done, the vent 
channel at j is filled with cinders, the pattern is again 
banked with facing sand, and common sand then filled in 
for backing. This course is rammed up in the usual man- 
ner, and so on until two more courses are completed, when 
another vent channel, as shown aty in the course marked 6, 
Fig. 17, is made and vented as above described. These 
courses of vents may be repeated any number of times until 
the top of the pattern is reached. Some molders lead the 
gases from these vent channels/ into straight vent chan- 
nels k at the joint of the mold. This is a bad plan, for if 
there is any breaking of joints by drawing the pattern or 
from a ittralnlnie of the cope, allowing large flns or a 
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run out, the metal will run into the vent channels at k and 
fill them with iron; this may cause the loss of a casting by 
scabbing or blowing. In most cases of deep-sided molds, it 
is best to lead the gases from courses of cinder vents up to 
the joint by separate outlets, made by ramming up gale 



sticks in a mold, as seen at /, Figs, 17 and 18. These open- 
ings should be placed as far as possible from the face of the 
pattern and provision made for conducting the gases to 
them, as shown by the channel U, Fig. 17. To insure the 
best possible venting, the molder vents each course as it is 
rammed with a i-inch wire. These fine vents will give 
relief to the gases working through the sand t<) the large, 
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or J-inch, vents shown leading to the channels j. Should 
these ^-inch vents meet the pattern, the iron will not run 
into them and do damage as it would if the vents were 
\ inch. 

1 5. Where the sand can be worked fairly dry, or where 
it is of a very open texture so as to permit the gases to 
penetrate for a considerable distance, the method of venting 
illustrated on the right of Fig. 17 can be used with safety. 
This plan consists merely in using a J^-inch vent wire, keep- 
ing it about 2 inches away from the face of the pattern, 
with the vents about 2 inches apart. In using the vent 
wire it should be passed through the last two courses laid, 
and half way through the one under them. This is repeated 
at every other ramming until the joint on top of the mold 
is reached. In some cases a ^-inch vent wire is used after 
ramming every course and the :J^-inch vent wire after every 
other course, as described above. In case there is a cinder 
bed C under the mold, the vents may be made to connect 
with that bed. Fig. 17, as well as carried to the top joint. 

16. Where difficulty is experienced in venting deep 
molds or long horizontal green-sand cores, the venting may 
be done in the following manner : Instead of using the or- 
dinary vent wire or rod, which is difficult to remove if long, 
and which cannot be removed if at all crooked, a vent rod 
is made by pushing a braided sash cord through a piece of 
rubber tubing and inserting the tube instead of the rod 
when making the core or mold. The act of forcing the 
braided cord through the tube pushes the cord together, 
making it somewhat thicker, which in turn expands the 
tubing and makes it practically solid. When this vent rod 
is to be removed it is done by first pulling out the sash cord, 
which allows the tube to contract so that it may be easily 
removed. Vents made in this manner may be carried 
long distances and even around considerable bends that 
could not be dealt with by ordinary methods. The labor of 
pushing the sash cord through the tubing may be materially 
reduced by pouring a handful of fine graphite through the 
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tubing before entering the cord, and, also, rubbing the cord 
with the same. 

17. Venting Shallower Moldit. — Where molds are 

not over 20 inches deep, vents may be driven straight from 
the joint after the cope has been lifted, as shown by the 
vent wire in Fig. 18. This avoids any venting while ram- 
ming the courses. If there is a cinder bed under the pat- 
tern, the vents should be carried downwards to the cinders, 
and the top outlets I; Pig. 17, can be stopjied iip or dis- 
pensed with. This is a good scheme where there is any 
liability of the pattern breaking the joint and leaving a fin 
while being drawn, or any danger of the cope straining so 
as to let iron rim into the vents when they are left open. 

18. IslniE a Slanting Vent Wire — In venting di- 
rectly from the joint, care must be taken not to let large 

vent wires that are driven in a slanting 

I direction strike the pattern, as does 

' vent V in Fig. 20, leaving a sharp point 

of sand at a, for this may cause a sHgbt 

blow at that point and burst the vent 

hole inwardly, and thus cause a flaw 

that may spoil the casting. Such 

slanting vents are apt to fill with iron 

and cause scabs, or, worse still, cause 

a mold to start blowing. A mold 

would be far better without a vent 

Flo. ao. jjj jj jjjj,^ jQ ijjiyg ^ [qj ^^f vents like 

those in Fig. 1!) filled with iron, as in such a case they only 

help to create gas. 

19. Cinderi* for Vent Cliannelii. — In obtaining flne 
cindent for filling such vent channels as those seen at_/', 
Figs. 17 and 10, the following plan is generally adopted: 
Cinders from an ash or coke pile are first placed in a J-inch 
riddle that is shaken to get the fine cinders and dust sepa- 
rated from the coarse material. The stuff that stays in the 
riddle is thrown away and what has passed through is again 
riddled through a ^<incli riddle. What passes through this 
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23 



second riddle is thrown away and what stays in it are the 
cinders that are used for filling the vent channels at/. In 
obtaining such cinders, the two riddles can, if desired, be 
attached together and used at the same time, each being 
emptied when full. The cinders thus obtained will be of a 
uniform and clean character. 
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BXAMPLB ILLUSTRATING DEBP MOLDING. 

20. The Pattern. — The pattern shown in Fig. 21 
illustrates a number of points that should be observed in 
deep molding, and would be an excellent example for a 
beginner to practice on. 
This pattern gives suf- 
ficient depth for three 
courses of ramming, 
and will afford good 
practice in learning to 
ram evenly. This pat- 
tern can be molded in 
a flask and then rolled 
over, as in Fig. 13, or 
it can be bedded in, as 
in Fig. 17. The pat- 
tern is made with a ^'^- ^^' 

good taper to facilitate its being drawn from the sand. 
This taper or reduction in size of the pattern as it recedes 
from the face is called draft. For convenience in handling 
the pattern while drawing it from the sand, iron draw-pieces, 
called draw-irons, may be screwed to the pattern, as shown 
at a. The purpose of groove d is to allow the casting to be 
easily broken; this groove provides a little irregularity in 
the pattern that will the more thoroughly test one's ability 
to ram evenly. 

21. Making thie Biowel. — The principles involved in 
ramming and venting the sides of deep patterns have been 
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described and illustrated in Arts. lO to 19, and so the 
detail of rammiag up the nowel will be omitted. Pig. 22 



shows the nowel rammed up, the bottom board bedded on 
solidly, and all clamped together ready to roll over. Fig. 23 



shows the flask rolled over, the molding board removed, and 
the molder making the joint by sleehlag it over firmly 



g SB FOUNDRY WORK. 25 

with a trowel. After the joint is thoroughly sleeked so as 
to give the sand a fine finish, a brush is used to free the 
surface of all dust. 

22. Pnrtlne Saad. — The joints having been thus fin- 
ished, parting »and is shaken from the hand, as seen in 
Fig. 24, in such a manner as to distribute it evenly over the 
joint. The use of parting sand is to cover the joint with some 



material that is not adhesive, so that when it is spread be- 
tween the bodies of damp sand, it will allow them to separate, 
without pieces of one body adhering to the other. Material 
for making parting sand is generally obtained in foundries 
from the fine dry sand that sticks to the surface of castings 
before they are cleaned. All the clay contained in this 
sand has been burned hard, and for this reason when placed 
.between two damp bodies of green sand it will prevent their 
Sticking together. Another kind of parting sand is obtained 
by using fine grades of lake, river, or seashore sands that 
have been dried on a plate over a hot fire. Before using 
this shore sand or the dry burned sand from castings, it is 

i". Vol. IV.— 14. 
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passed through a sieve as tine as can be used — in some cases 
a flour sieve. 

23. RamraliiK the Cope. — After the joint is made 
and covered with parting sand, the cope is put on and the 
pins or patterns for forming the gates are set ready for 
ramming, as shown at e and /, Pig. 35. While ramming 
the nowel, the pattern g for the horn gate was put in place, 
as shown in Fig. 25. This form of gate is used to introduce 
the metal near the bottom of the mold. Before the cope is 
put on, its bars, 1, S, and S, are thoroughly wetted with 



water, to make the sand stick to them. If the sand is not 
of such a loamy nature as to hang well, a clay or loam wash 
or a thin flour paste is often used instead of water on the 
face and sides of the bars. After the cope is in place, a 
facing of molding sand is then sieved over the joints to a 
depth of from tV to i inch. After this, a riddle is used in 
filling the cope to a depth of about 3 inches. This opera- 
tion is followed by lucking the sand under the bars with the 
fingers of each hand, until the sand is as solid as the fingers 
can ram it. Unriddled sand is then filled into the cope to 
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the level of the top of the bars. The peen end of the ram- 
mer is now used to ram the sand firmly between the various 
bars, which will pack the sand to about the level seen between 
bars 1 and 2. It is very important to peen the first course 
thoroughly, for if this is not done, there are liable to be soft 
spots in the face of the mold under the bars; or the sand at 
the bottom of the bars may be so soft as to drop out when 
lifting off or closing the cope. After the first course of 
sand is thus peened between all the bars, more common 
sand is filled in and heaped above the level of the bars, as 
seen between 2 and 3. This done, the peen is again used to 
ram the second course of sand between all the bars. Less 
care and time can be spent on peening this second course, 
because the butt of the rammer is to follow the second 
peening. In peening the first course, the peen should be 
directed in such a way as to pack the sand under the bars, 
as seen at d. When both courses have been peened, the 
butt of the rammer is used to ram down the mounds of 
sand between the bars, as between 2 and 3. The butt is 
struck down solidly to pack the sand between the bars. 
With the first course it is impprtant that it be firmly 
peened to keep it from dropping out, and this is also true 
as regards the butting, for if that is not done firmly, the 
cope is liable to drop out. 

In ramming the cope, care must be taken not to strike 
the bars, as that might loosen the sand and cause it to drop 
out when lifting off the cope or closing the mold. After the 
cope has been rammed, any excess of sand is removed by 
striking off the top of the mold with a piece of board or 
with the handle of the floor rammer. The mold is then 
vented with a ^-inch wire, the vents being about 2 inches 
apart all over the area covered by the pattern. This done, 
the sprue pin e in the pouring gate and riser pin / are with- 
drawn. Then the tops of both gate and riser are reamed 
out funnel shaped, and all loose sand firmly tamped down 
with the fingers and then dampened lightly with the swab, 
so that in pouring the metal, it cannot wash any dry dust 
or sand into the mold along with it. The mold is now 
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ready to have the cope lifted off, which is done, and the cope 
placed on any suitable support, as the box shown in Fig. 2fi. 
24. Ventlnjc the Nowel. — After the cope is lifted off, 
the parting sand is carefully brushed off the joint, and the 
joint "swabbed," care being taken not to get too much 
water on it around the edges of the pattern. This done, a 
J-inch vent wire is used to vent the sides opposite the places 



Pio. se. 
marked k, k in Fig. 2C, and a groove is run from each vent 
to the outside of the mold. It will be noticed that this 
mcthoil of leading away the gases from the joint differs 
from that illustrated in Fig, 18. 

In the case of molds having joints that are liable to be 
broken in drawing the pattern, the method of venting just 
described should be used, because if the iron should get in 
the joint at anyone point of a vent channel, as at -t. Fig. 17, 
it might readily fill all the vent holes. 

25. Drawing the Pattern and FlntstilnK ttae 
Mold. — After the mold is vented, the pattern is loosened 
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by rapping. This is accomplished by placing a pointed 
iron bar in the rapping holes shown at c, c, Pig. 31, and 
rapping it with an iron bar or a hammer. This done, lifting 
hooks are placed in the holes d of the draw-irons and two 
men gradually start the pattern, each of them holding a 
lifting hook in one hand and in the other a hammer, with 
which they tap the pattern lightly on the draw-plates c. 
Fig. 21. Care must then be taken to bring the pattern 
lip steadily until it is out of the mold. After the pattern 
has been drawn out, the horn gate g. Fig. 25, is drawn. 
The trowel is next used to press down any portion of the 
joint that may have been started in drawing the pattern, 
to smooth up the cope part of the mold. The top of 
the pouring gate and riser are then reamed out funnel 
shaped. Should any dirt have fallen into the mold, a 
lifter [see Fig. 41 (c)\ is passed into the mold and the 
dirt removed. 

26. ClosInK and Casting the Mold.— The mold is 

now closed and clamped with two clamps, as shown at 
i and j. Fig. 27. 
It is now ready for 
casting, which is 
done by two men 
holding the ladle 
and pouring the 
mold, while a third 
one is skimming. 
Miilten iron al- 
ways contains 
more or less scum 
or dirt, which, if 
allowed to pass in- 
to the casting, will 
make f!aws that 
will impair its 

strength and fin- Pio. «. 

ish, and may even cause its loss. For this 



30 FOUNDRY WORK. §35 

molten iron is being poured from a ladle, a skimmer should 
always be used to hold back the dirt. 

27. Sbaklng Out the Camtiag. — About 30 minutes 
after the casting has been poured, it can be stiaken out, 
which means that the cope 
may be taken oil the nowel and 
the nowel itself removed from 
the moid, care being taken not 
to disturb tlie sand about the 
casting. After some hours 
the casting may be removed 
■ from the sand, when, with the 
gate and risers attached, it 
^*- *■ will appear as in Fig. 28. 

The horn gate is shown at g, the straight portion of the 
gate at e, and the riser aty. The pouring-gate horn can be 
freed from the casting with a fair blow of a hammer held 
as shown in Fig. 44. When the gates are removed and the 
casting cleaned, the job is finished. By measuring the 
thickness of the casting at the top and bottom and compar- 
ing the difference with the difference existing in the pat- 
tern, the maker can tell how near his ramming came to 
preventing any distortion of the casting due to the pressure 
of the metal in the mold. 



ALLOWANCR IN PATTERN FOR DISTORTION. 

28. While it is true that hard ramming tends to decrease 
the amount of distortion that occurs in the lower part of 
deep molds, it is nevertheless impracticable to ram very 
deep molds hard enough to prevent more or less distortion. 
Few experienced molders ram alike, and so some produce 
castings more distorted than others. No definite rule can 
be given for the allowance to be made for distortion in deep 
castings due to the straining of the mold on account of 
the great pressure in the lower part of the mold. In the 
case of experienced molders who are recognized as hard 
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rammers, an allowance of ^j of an inch per foot would be suf- 
ficient, while equally experienced men who do not ram their 
molds as hard might require an allowance of j\ of an inch 
per foot. In the case of a pattern 5 feet deep, if an allow- 
ance of ^f inch per foot were made it would decrease the 
dimension of the pattern at the bottom of the mold ^'s of 
an inch. From this it will be seen that the allowance for 
distortion tends to give draft to the pattern. Where the 
conditions are all known, it is possible to produce practically 
parallel castings from a tapered pattern, the distortion due 
to the straining of the lower portion of the mold just neu- 
tralizing the amount of draft necessary on the pattern. 



SHALLOW MOLDS. 

29. RammlnK a Flat Surface. — The molding and' 
casting of a square, flat plate, about 10 inches square and 
1 inch thick, is illustrated and described in Arts. 20 to 
35. In ramming flat or plate surfaces like the pattern 



shown at P, Fig. 29, the peen a should never be used over 
the face of the pattern during the ramming of the first 
course; if this is done, it causes uneven ramming and may 
make hard spots in the mold, and so cause scabs or indenta- 
tions that may spoil the casting. In the case of flat or 
plato work, the sand is rammed up in courses from 4 to 
5 inches thick. The operation of Htriklns off the nowel is 
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shown in Fig. 30. The sand having been struck off as shown, 
the hand is then used to sprinkle molding sand to the depth 



of about i inch all over the surface of the struck-off sand, 
as in Pig. 31. This is done to allow the bottom board to be 
rubbed down to a solid bearing when in place, as in Fig. 32. 



F[G. ai. Fic. ss. 

30. Venting the Nowel;— After the bottom board 

has been bedded on solidly it is taken off again and a rod, 

rammer, or strike is used to form creases or indentations in 

the sand, as shown at a, Fig. 33. These creases arc placed 
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about H inches apart and permit the gases from the ^-inch 

under vents to escape along the face of the bottom board 

when the mold is being poured. 

The vent passages having been 

made, as at tt, a J-inch vent wire 

is then used, in the manner shown 

at i, to vent the nowel all over 

the surface covering the pattern. 

The vent wire should not be 

driven down until it strikes the 

pattern; if it comes within \ inch 

of the face of the pattern, it is 

sutHcient. The entire area over 

FIO. M. 

the pattern having been vented, 

the bottom board is replaced and clamped, so that the nowel 

may be rolled over, as shown in Fig. 34. 

31. Venting the Cop«. — The nowel being rolled over, 
the joint is prepared as described in Arts. 21 and 22. 
The cope is then put on 
and the sprue pins for form- 
ing the pouring gate and 
riser set in place, as shown 
at e and /, Fig. 35. After 
this, sand is sifted on to the 
face of the pattern to a 
depth of about ^ inch; the 
cope is tilled with heap sand, 
rammed as described in 
Art. 23, and vented over 
the part above the pattern 
with a ^-inch vent wire. It 
is then lifted off and fin- 
ished with a trowel ready 
for closing. 

_ 32. Swabs and Svvab- 

Pio. ss. 

bins. — The cope having 

been finished, the joint is brushed off and dampened with 
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the swab shown in Fig. 36 (a). The swab is dipped in 
water and then lightly squeezed out, after which it is passed 
over the joint as shown in 
Fig. 37, care being taken not 
to get the sand too wet along 
the joint between the pattern 
and sand. Where del icate swab- 
bing is required, as in bench 
molding, or the wetting of small 
bodies of sand, a sponge with 
a wire or long thin nail passed 
through it. Fig. .30 {/>), is often 
used in the manner shown in 
Fig. 38, The sponge holds the 
water until squeezed out with 
the hand, and the wire or nail 
directs the water to the spot 
^"*- *•■ to be dampened. In making 

the swab shown at (<?), a piece of fine grade long-fiber hemp 
rope is tied at one end with a fine wire or string to form a 



pio.it. 

handle, and the other end "teased out" by pulling it 
through a comb made by driving some nails through a 
board and allowing the points to c.\tend beyond the board. 
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While in* use the board forming the comb may be fastened 
to a bench or table. In making such swabs, some molders 



use a fine string that will not unravel in water or when 
dampened. This string is cut into lengths of about 1 foot 
and a bunch of them tied at one end to form a handle, as 
described. 



33. Happlnic and Uraw-PIates. — After the pattern 
has been swabbed, it is rapped by pounding on the side 



h 
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of a bar that has been introduced into a hole in the rap- 
ping plate, as shown in Fig. 39. It is better, however, to 
have two holes in the rapplns plate, one for the rap- 
plnic bar and the other for the draiw-screw. Some 
persons make the 
draw -screw serve for 
both purposes; this 
may answer where 
the patterns are light, 
but for large patterns 
there should be a rap- 
ping hole as well as a 
draw-screw hole. If 
:. the screw hole is made 
^1 to serve for the rap- 
j ping hole also, the 
thread in the screw 
plate issoon destroyed, 
""■ even if the rapping is 

done on the screw dravrlnK-lron. Too much care can- 
not be taken to have good arrangements for rapping 
and drawing patterns, 
for this not only pre- 
vents the wear of 
the pattern, but also 
saves labor in molding. 
After the pattern has 
been loosened by rap- 
ping, it is drawn by in- 
troducing the draiw- 
nall or drawr.iron, 
as shown in Fig. 40. 
While drawing the 
pattern it should be 
rapped gently, as 
shown in the figure. 
The rapping plate on 
the pattern shown in 




Fig. 40 is made large enough to 
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conlaiii two hules, one for the draw-iron and one for the 
rapping bar. 

34. Cutting 

tbe Gates and 

Riser. — The pat- 
tern having been 

rapi>ed and drawn, 

the mold is then 

finished with the 

trowel and the 

double ender, the 

latter tool being 

shown at (6) in 

Fig. 41. The gates 

for connecting the 

sprue and riser with the mold are cut by means of a gate 

cutter. The form of gate cutter illustrated at Fig. 41 (a) 
consists of a thin blade of 
brass or steel bent to the 
required form and pro- 
vided with a handle. An- 
other form of gate cutter 
[ is shown in use in Fig. 42. 
" This form of cutter con- 
sists of a thin sheet of tin 
or brass bent to the re- 
quired form and is used 
as shown in the illustra- 
ij tion. After the gates / 
,;. are cut to the bottom of 
f the sprue or riser r. 
Fig. 42, they should be 
smoothed firmly with the 
fingers, so as to press 
Pio. «. down all the loose sand. 

If this is not done, the iron, when running through them, 

will carry dirt into the casting. Before smoothing down 
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the pouring gates, it is well, with some molding sands, to wet 
the top edge of the gates by carefully using a swab or sponge 
as shown in Fig. 38, In using water in this way around 
gates, extra care must be exercised not to make any portion 
of the sand too wet; for this might cause the iron to blow 
as it passed into the mold, and result in spoiling the 
casting. 

35. CloHlns and Puurlns the Mold. — The mold 
having been finished, it is closed and the flask clamped 
ready for being poured, as shown in Fig. 43. In twenty 
minutes after the casting is poured, the cope and nowel 
may be removed. After a few hours, or on the following 



^^ 



day, the casting may be taken from the sand, when it will 
appear as in Fig. 4'!, which shows how the pouring gate and 
riser are connected with the casting. After the casting is 
cool, the gate and riser are knocked off by u^ing a hammer, 
as shown in the upper left-hand portion of the illustration, 
and the casting is then cleaned up, thus finishing the job. 
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MOLDING BY " BEDDING IN." 

I.BVBI.ING. 

36. Having described the casting of flat surfaces in 
green sand by " rolling over," we shall now deal with the 
making of a casting by " bedding in. " A bed for a flat plate 
may be made at the top of the molding floor or at any de- 
sired depth below it. In any case, it will be necessary to 



have some guide to form the bed; this guide generally con- 
sists of stralglitedges, arranged as shown at a, b, and c. 
Fig. 45. 

In levellniE up the straightedges, the first one a has a 
mound of sand placed under each end, so as to keep its 
under edges free from the floor, and the straightedge is 
made as nearly level as the eye can judge. A spirit level is 
then placed on the straightedge and the high end driven 
down with a wooden mallet or a hammer, the pounding 
being done on a block of wood (to prevent the hammer mar- 
ring the face of the straightedge) as in Fig. 40. The next 
step is to set the straightedge b in place on two mounds of ' 
sand, as was done with a, setting it by eye as nearly true 
with a as possible. Next, the straightedge c is placed on 
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the ends of a and &, Fig. 45, and the spirit level used to 
bring the ends of * on a level with a. This can be done by 
first bringing one end of it to the level of a by using the 



straightedge c as shown, and then carrying c to the other 
end and repeating the operation. Still another plan to get ^ 
true with a is to use c as shown, and then remove the spirit 
level from c to A and raise or lower the end of 6 as may be 
found necessary. 

It must be remembered that both edges of the straight- 
edge c must be parallel; this is not necessary, however, in 
the case of a and l>, the upper edges only of these two being 
required to be true. These straightedges should have a 
hole in one end so that they can be hung up when not in 
use, and not left lying around on the floor, where they are 
liable to have their edges injured or to be bent or warped 
from irregular exposure to dampness and uneven supports. 



MAKING THB BED. 

37> General Remarks. — The straightedges having 
been leveled as described, the work is proceeded with ac- 
cording as the thickness of the casting to be made requires 
the bed to be hard or soft. In pouring castings in open 
sand, that is, pouring flat plates without a cope covering, a 
■oft bed is generally used. The bed, when down or under 
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vents are not used, must be soft in order to permit 
the gases to escape freely from the sand, for there is no 
head pressure of metal on the bed to drive out the gases, as 
there is when a plate casting is poured through a cope. In 
the latter case, the bed is generally made hard in order to 
withstand the head pressure of the metal. Much more labor 
is required in making a hard bed than a soft one. 

38. Making a Soft Bed. — In making open-sand plate 
castings, the bed has to be softer for a casting ^ inch to 1 inch 
thick than for one whose thickness is from 1^ to 3 inches. 
The reason of this is that the thicker the casting, the greater 
is the pressure exerted by the metal on the bed, tending to 
drive the gases downwards into the lower part of it, or to 
cause them to escape outwards at its sides. The same de- 
gree of softness necessary for the thin plate may sometimes 
be used for a thick one; but the harder the bed can safely 
be made, the better, as this prevents the weight of the pat- 
tern, or of any other light body, making impressions on it 
and causing an uneven face on the casting. Although, 
however, it is well to have a bed as hard as practicable, still 
the danger of going too far in that direction makes it desir- 
able to have the bed too soft rather than too hard. By 
using care in smoothing soft beds with the trowel and in 
laying on the patterns, a casting can be produced with 
almost perfectly true surfaces. In starting to make a bed 
after the straightedges have been leveled up, sand is tucked 
solidly under a and ^, Fig. 45, so as to prevent the pound- 
ing action of the straightedge c from disturbing their level. 
After this is done, sand is shoveled on both the inside and 
outside of a and b until it is level with their top. The sand 
on the outside is then packed down with a butt rammer or 
with the feet, to prevent the pressure of sand on the inside 
of a and b from pressing them outwards. 

Next, the straightedge c is used to strike off the sand 
level with the top of a and b. Sand that has been passed 
through a ;J^-inch riddle is now spread over the face of the 
bed to a depth of about J inch, and then a flat piece of wood 

J. Vol IV.— 1$, 
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or iron about 8 inches long is placed on each of the straight- 
edges. These pieces i/and i\ Fig. 47, should be from ^ inch 
to ^ inch thick, according to the desired hardness of the 
bed — the thicker the piece, tiic harder will be the bed pro- 
duced. On top of </and c is laid the straightedge c; a man 




is then stationed at each end, holding the pieces d and e and 
also one end of c. These men then pull the straightedge c 
and the pieces t/ and *■ along, sweeping to the end of the 
bed all sand that lies above the level of d and ^. This 
leaves a body of sand — the thickness of the pieces J and r — 
projecting above the level of the straightedges a and d, 
which sand is next pounded down to the level of a and d by 
means of the edge of c. To do this, a man holds one end of f 
down on one of the straightedges a or ^, while another man 
raises the other end from 4 to 6 inches and brings it down 



FlO. 48. 

upon the raised sand so as to drive it down to the level of the 
top o{ a or i on his side, as shown in Fig. 48. When one 
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man has gone a distance of about 12 inches, he returns about 
half way to his starting place and holds his end of c down 
on the under straightedge, a or A as the case may be, while 
the opposite man raises the other end of c and pounds 
down the sand on his side. This operation is continued 
by the two men, alternately, until the whole surface of the 
raised sand is pounded down to a level. When Ihe bed has 
been thus gone over, its surface will present a series of 
imprints of the straightedge c. To remove these marks 
the straightedge c is dragged in a seesaw manner across the 



face of the bed, as in Fig. 49, each man being careful to 
have every stroke a forward one. If this is not done, marks 
caused by the backward motion of the straightedge would 
be left on the surface, while the portion that was done 
properly would be smooth. The portion of the bed shown 
in Fig. 49 which is nearest the straightedge has been done 
properly, while the portion near the front of the illustration 
has been struck off with alternate forward and backward 
movements of the straightedge so as to leave ridges of sand 
on the bed. 

To accomplish this forward movement requires a little 
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practice, as it is rather difficult to have every movement a 
forward one while secsawiiig the face of the bed. If the face 
of the bed is struck off by a straight ptill, not only will the 
surface be left rough, but the operation is apt to loosen the 
face of the pounded sand from the underlying soft body, so 
that when the metal runs in over the sand, it is liable to 
loosen or lift the sand in such a way as to cause a rough and 
scabby casting. After the bed has been struck off as de- 
scribed, a fine sieve is used to shake a very thin coating of 
sand evenly over the face of the bed. A trowel is then used 
to smooth down the sieved sand, after which the bed is ready 



Fic. » 
and the moKler can pnK-oed to build up the sides of the 
mi'ld with sand, and so si^"^ any shajie required in the cast- 
int;, A cU-.ir idea of this may be jiained Irom Fig. 50, which 
shi*ws a man pncklns »nnd ajj.iinst the side of the pat- 
tern P\w siuh a manner as to tvrn) the sides <>f the moid. 

The si-les having been built up as deseril^d, a pouriaf 
tm»ln ,c is m.ide, and t!;en tiie moM i^i ready to have the 
me'.al jvured ituo it. For ts«u;idi:;i; d.-wu with ihestraight- 
e.!\:e .', some niv'K'.ers use a sh-irp grai'.e "f liank or river 
s,»:;a. .t\>ue or mixed w::h v^>mmon hea:> s-ii-d. This is only 
HeceS'*,*; y m'leTx- :he m-'..!-;;g s>>-;d pr 'ler is of a close, fine 
srain, ,ts s',!,h f.-.e s,i:;d is ^iai'.e to eaiise si.iiks on account of 
its no: N-::;; s;;:b. :e;v,',y o;v:>, f jx-rtv:: !he gases created 
a; l!".e ta.e v>! the Ivvl to es^ai^e ^^•w;•.wards freely. 

Where shatp s.ind is us<\< to f.rm the fac« of the bed, it 
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may be omitted in front of the pouring basin, and this place 
fiJled in with a stronger and closer grained sand, as shown 
at the light spot marked //, Fig. 50. For this purpose some 
molders use ordinary molding sand, or a regular facing sand, 
which is made by mixing sea coal with molding sand, in 
front of the pouring basin, in place of the ordinary sand just 
mentioned. The reason for using a stronger grade of sand 
in front of the pouring basin is that the metal, when flow- 
ing from the basin on to the face of the bed, is liable to 
break the latter where the sand is weak, so as to cause it to 
be washed in along with the metal, the result being a rough 
or scabbed face (on the casting) in front of the pouring 
basin. 

The subject of venting open-sand beds will be treated 
later on. 

39. Thickness of Open-Sand Castings. — The thick- 
ness of open-sand castings is determined by the thickness 
of the piece P used in building up the sides of the mold, 
Fig. 50, by the fluidity of the metal when pouring the cast- 
ing, and by the judgment of the molder in deciding when 
sufficient metal has flowed into the mold. An iron that is 
dull, or not very fluid, will readily pile up in an open-sand 
mold, so as to be from \ inch to \ inch thicker at the center 
than at the sides of the mold, for which reason it is difficult 
to obtain open-sand castings within \ inch of any specified 
thickness. To attain even this accuracy, the metal used 
should be very fluid. 

40. Venting Soft Beds. — When soft beds are made 
as here described, and the castings (where more than one is 
placed on the same bed) are 8 to 12 inches apart, they will 
seldom require any venting, except when it is necessary to 
use fine grades of sand. In such cases vents may be made 
as described later on in connection with Figs. 51, 53, and 58. 
Where floor space is limited so that open-sand castings must 
be placed close together, say 2 to 4 inches apart, it may 
suffice, where open grades of sand are used, to drive a row 
of vertical f-inch vents down the center of the partitions of 
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sand dividinij; the molds, ;is shown at '.; Fig. 61. There 
shuuld never be any ditfiruliy in rarryinsf off jjases from soft 
beds when it is desirud si) to do. 

41. Maklafc a Hard Bed.^There are few things in 
founding in which molders differ so much as in their methods 
of making hard bedti. It may be said that there are four 
degrees of hardness in making beds: The first is the soft 



bed for open-sand castings of plates ranging from \ inch to 
3 inches thick. Thesec<nid bed is of the character required 
for making the prickercd plates used in loam molding. The 
third is for h:ird beds used for open-sand castings that must 
be well vented. The fourth is for beds that are used for light 
and heavy castings in cases where the bed forms the bottom 
part of a mold that is covered with a cope. The most diffi- 
cult be<ls to make are those used forlmaking loam plates 
rc<[uiriiig long prickers on them, as shown in Figs. 51 and 52, 
and also in the matter treating on loam molding. 

42. MakluK Beds for Pricbercd Plates. — In ma- 
king beds ftir plates having prtckerH or prongs on them, the 
depth of the tempered sand requires to be much greater 
than for plain plntes. As an example, the plain plate to be 
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cast in the bed shown in Fig. 50 can be successfully made 
with a depth of tempered sand ranging from 4 to 5 inches 
without any venting ; but if it be necessary to have prickers 
from 4 to inches long on such a plate, the tempered sand 
should be fully 7 to 10 inches deep. This is due partly to 
the necessity for packing the sand firmly with the palm 



of the hand, or the back of a shovel, as every course of 
sand of from 3 to 4 inches deep is filled in. If sand was 
shoveled in loosely, as in the case of the soft bed just de- 
scribed, the prickers or prongs, if over 6 inches deep, would 
be liable to be strained at their bottom ends in such a man- 
ner as to burst into each other, or to swell at the end so 
badly as to raise the face of the mold for the depth of the 
prickers, and thus cause a solid heavy body of scrap iron 
instead of the plate casting desired. Some loam plates re- 
quire prickers or prongs from 12 to 30 inches deep. It is 
very difficult to make such deep prickered plates in open 
sand without their blowing more or less when being cast. 
In some cases it is best to dig deep enough to permit a 
cinder bed being placed under such plates, as shown at £7 in 
Fig. 52, and then filling in the tempered sand in layers 
ranging from 3 to 4 inches deep, and venting each alternate 
layer of sand with ^- or y'^-inch vent wire down to the cinder 
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bed, which is itself vented through vent pipe/. Another 
plan is to have or 10 pricker patterns in.slead of the 1 
or 2 used in the case of shallow prickers, and to press them 
all down one after the other and then before they are with- 
drawn from the sand take a ^- or ,=j-inch vent wire, as seen 
at i. Figs. 51 and 53, and carefully vent down from the face 
of the mold to the cinder bed between all the pricker pat- 
terns, making the vents about 2 inches apart, as at v, v. 
Fig. 52. These vents, coming to the surface of the mold, 
must be stopped up with the end of the finger and tlien all 
the finger holes filled with sand and the surface sleeked over 
to make the face of the mold smooth, as at /, 2, 3, ^, 5. 

In some ca.ses, instead of carrying the gases from these 
vertical vents through the cinder bed, the venting can he 



done by using a long i-incli or f-inch vent rod driven in at 
the bottom of the tempered sand to bring the gases to the 
side of the bed, as seen by the vent wire k. Figs, 61 and 53, 
and the row of vents k in Fig. 58. In packing the sand by 
layers or courses in these beds, care must be taken not to 
make them so hard that the molder cannot push the pricker 
pattern down by hand to a depth of C to 8 inches. Beyond 
this depth it may often be necessary to use a hammer to 
drive the prickers, as in Fig. 61. Another point to be noted 



§ 35 FOUNDRY WORK. i9 

in making deep prickered plates is never to use any sand 
but that whtcli has beon well tempered and passed through 
a ^-inch or ^-Incli riddle. 

Care must be taken to work the sand as dry as it can be 
used and give good results; it must not be 
so dry, however, that there will be any risk 
of the sand running back into the holes 
left by the pricker pattern after it has been 
withdrawn. The pattern used for making 
prickers or prongs on plate castings should 
always have a handle from ti to 8 inches long 
and of convenient form for the hand. A 
good form of pricker pattern is illustrated 
in Fig. 54, where it is shown held in the 
position generally used when pressing it 
into the sand. 

Deep prickered plates usually give trouble 
at the first attempts, but with some experi- 
ence in molding them, and by following the 
directions here given, they should be made 
successfully. 

43. Hard Beds for Open-Sand 
Castlnss. — Castings with luss or long 
projections on them may be cast in open- 
sand molds if it is not of much importance 
whether the cope, or upper side, of the ficm. 

casting is a little rough. In making such castings, the 
straightedges are leveled as already explained. Then, tem- 
pered sand is filled in and rammed down evenly and firmly 
to nearly the top of the straightedge, using the butt of the 
rammer or the feet. When this is done, a straightedge 
having its lower edge cut down i^ inch at each end c. Fig. 53, 
is used to strike off the bed so that its surface will be 
^ inch below the top of the straightedges a and b. Then 
the surface of the bed is vented all over with a ^-inch or 
^(-inch vent wire, the vents being made about 1 inch apart. 
These vents may be carried down to a cinder bed or led 
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from under the bed with J-inch or |-inch vents leading 
from under the straightedge, as seen by the vent-wire pro- 
jection at k. After the surface of the bed has been well 
vented, the palm of the hand is passed over the surface of 
the bed to close up the top of the vent holes. Riddled sand 
is then shoveled on to about \ inch higher than the top of 
thestraightedgesrtandi. Pieces (^ and e, about i inch thick, 
are now used in conjunction with the straightedge c, to strike 
off the bed us shown in Fig. 47. This done, the surface of the 
bed is pounded down with the straightedge c, and the face of 
the bed struck off in a seesaw manner, and finished as de- 
scribed in Art. 38. 

MOI.niNG PLATES WITH PROJECTIONS IN OPEN SAND. 

44. General I>lrectloas. — The hard bed. Fig. 53, hav- 
--^ fc '"S been completed, it may be used 

J\5^-'-^^ ^~ ^"\\ for casting plates having projections, 
I ^- -*—"-, l\ flanges, lugs, etc., of which the pat- 

|.-«s„^°''-. ^-' ^Ijl ^*'"" shown in Fig. 55 is a type. In 

IjJB) ^J/ b^'^ding such a pattern on a level 

^^**ii,' z :^^ bed, it is first set on the bed and 

Fio. 65. pressed down so as to leave an im- 

print of its projections; it is then removed and the shovel 

used to cut away the 

greater part of the 

sand where the lugs 

come, after which the 

trowel is used to cut 

away the sand to 

within about \ inch 

of the inside of the 

imprint. This leaves 

the bed as seen in 

Fig. 50. The pattern ' 

is next set back and 

hammered down sol- 
idly on the bed, the 

molder striking on a piq. m. 
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block as in Fig. 57; after tliis, sand is rammed up against the 
outside of the lugs and the edges of the pattern and the 



mold vented, as shown at k in Fig. 58. Next the pattern 
is dranvn and the mold finished ready for the metal, as 

shown. It is of especial importance that a block of wood or 



a heavy plank be used to pound on when bedding in pat- 
terns; no siedge or heavy hammer should be used on the 
bare face of a pattern. 

Another method of making a casting from a pattern like 
that shown in Fig. 55, by bedding in, is to have a hole cut in 
the pattern about the size shown by the dotted line at o, and 
then to set its projecting lugs on mounds of sand and tuck 
up the pattern on the inside through the hole o, as shown in 
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Fig. 69. This answers well where the patterns are not of 
large area, but for large plate surfaces with patterns having 
flanges or lugs, the plan shown in Figs. 56 and 9? is a good 



Pio. m. 
one. One objection to this plan, however, is that the pro- 
jections, flanges, or lugs are faced with common heap sand. 
In order to obtain a smooth surface throughout, such pro- 
jections as shown in Fig. 55 should be faced on the inside 
with sand mixed with sea coal. 

4S. Facing Inside of Projections — To face the in- 
side of projections, flanges, etc., when the pattern has been 
bedded in the manner shown in Figs. 5G and 57, the pattern 
must be drawn before the outside of the projections are 
rammed up, and then a section of the inner face of the pro- 
jection cut out, as seen at a. Fig. CO. A piece of board or 
plank must next be laid against the projection, as seen at d, 
and then the cavity at a rammed up with facing sand that 
has been mixed with sea coal. A |-inch vent wire is used 
to vent the face and sides of the projection, keeping the 
vents about 1 inch bjjck from the face of the board d, and 
driving them to the cinder bed or horizontal vents, as seen 
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at k. Figs. 51, 53, and 58. This done, the tops of the vent 
holes are stopped up with the finger and then filled with sand 
and the face of the mold finished with a trowel, after which 
the board b is removed. If the section a is not long enough 
to cover the entire inner face of the projection, another sec- 
tion joining the portion jnst faced is cut out atid the board b 
again replaced and the operation repeated as described. 
This operation is repeated until the whole face of the projec- 
tion has been lined with rammed facing sand from 1 inch 
to \\ inches thick. The length of a will depend on the 



length of the surface to be covered with facing sand ; this 
can extend from 4 inches to 4 feet, so long as the board b 
is kept in the required position. To hold such boards, or 
formers, as b in the right position while the cavity at a 
is being rammed, stakes c are driven into the floor. The 
space or cavity at a is rammed with j^-inch to J-inch rods, 
or with a small hand hammer having a ])een IJ inches wide 
and \ inch thick. Care must be taken to face and ram the 
space at a evenly and firmly. In the case of projections 
having forms that differ from the straight surface at b, it 
will be necessary to use special pieces or patterns as shown 
at d, the whole being rammed, vented, and finished the same 
as the straight piece a. Boards used for the formers b must 
be smooth on the side forming the face of the projection. 
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MAKING HARD BEDS FOR COPKD CAHTINGS. 

46. Large surfaces covered with a cope permit of 
harder beds being used without causing the metal to blow 
and create scabs than can be used for open-sand work. In 
making these beds, it must be remembered that the sand 
should be as dry as can be easily worked, and should be 
vented as well as possible. The operations, so far as level- 
ing the straightedges is concerned, are nearly the same as 
those described in Art. 36, the only difference being that 
the straightedges a and b will be set down into the floor 
about two-thirds of their depth, instead of being set up 
above the floor, as seen in Figs. 45 and 46. After the 
straightedges are leveled, sand that has been well tem- 
pered and riddled is filled in between them and struck off 
level with their top edges; the sand is then rammed down 
with the feet as far as possible, and then the whole surface 
of the bed is rammed with the butt of the rammer. This 
will bring the rammed sand down to about 2 inches below 
the top of the straightedges, when these are about 6 inches 
deep — which is about as deep as such a course should be. 
The sand having been butted solidly, common sand is again 
shoveled in and struck off to the level of the top of the 
straightedges. This is then butted down lightly all over 
the bed and a straightedge r. Fig. 53, whose ends are cut 
down i to f inch, is used to strike off the bed, which is then 
closely vented all over the surface with a \- or ^-inch vent 
wire, and the top of the vents stopped up with the palm of 
the hand ; next, sieved sand, which for some classes of work 
may be mixed with sea coal, is shoveled in and struck off 
with the use of f-inch strips on the straightedge a and ^, 
Fig. 47, as described in Art. 38, and then pounded down 
and finished, as already described. 



VENTING HARD BEDS. 

47. Objectionable Method. — Some molders make a 
practice of venting direct from the face of the bed and then 
poking each hole with the finger to stop the surface of the 
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vents, instead of having the tops of the vents about J inch 
below the surface of the bed. After the upper ends of the 
vents are all stopped with the end of the finger, facing sand is 
packed solidly into each hole with the fingers and the bed is 
then smoothed with a surface block (preferably of hard 
wood), measuring about 3 inches by 8 inches, with the cor- 
ners a little rounded. This plan will succeed if carefully 
carried out, but should the top of a few holes be carelessly 
stopped up, there is danger of the iron bursting through 
the vents and running down the vents to the cinder bed, if 
there is one. Then, again, gas might become confined in 
the cinder bed and, by exploding, create an upward pres- 
sure in the vent holes and lift the sand from the top of 
those vent holes that have not been filled firmly with sand. 
A little study of this method of venting will make its objec- 
tionable features evident. 

48. Surface Ventingr. — Where beds are desired with 
very hard surfaces, or where the sand is of such a nature as 
to scab readily, it is a good plan to bring the vents as close 
to the surface as practicable. The following is a plan for 
surface venting that, if followed, will dispense with the 
finger-poking of the vent holes and will insure hard beds 
being reliably vented. The plan consists in ramming up 
solidly and striking off the common sand within about J inch 
of the top of the straightedges. Fig. 53, and then covering 
the surface of the bed with facing sand mixed with sea coal, so 
that it projects about IJ inches above the top of the straight- 
edges, using pieces IJ inches thick under the straightedge r, 
as shown at d and ^, Fig. 47. After this is done, a butt 
rammer is used over the entire surface, in the manner 
shown in Fig. 61. In butting the surface of such a bed, 
the operator must make sure that no part of the surface is 
missed, and the butt rammer must be applied lightly so as 
not to make the face of the bed too hard. To insure a 
smooth surface to the bed, no sand should be allowed to 
stick to the face of the butt when ramming; a brass butt is 
good for such work. The sand, after being butted, should 
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project above the straightedges about ^ inch. The bed 
having been butted all over, its surface is then vented with 
a J-inch wire, placing tlie holes about 1 inch apart, and 
driving the vent wire down to the cinder bed — should there 
be one under it. If there is no such bed, then ^-inch or 
f-inch vent rods, set horizontally, as seen at k. Figs. 51, 53, 



and 68, will have to be used. After the venting, the bed is 
"struck off" in a seesaw manner, as already described, and 
facing sand sieved all over its face as thinly as possible. 
This done, tile hardwood finishing block (see Art. 47) is 
worked all over the face of the bed to make it smooth aiid 
ready for finishing with the trowel. The application of the 
smoothing block not only gives a fiui.sh to the surface of 
the bed, but it also assists in firmly stopping up the top of 
the i-inch vent holes; this will not only prevent any iron 
from bursting into them, but will also prevent any confined 
gas from forcing its way through the holes into the mold, 
which would break the face of the mold, causing scabbing 
or lumps on the face of the casting. In some cases where 
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there is extra danger of scabs being produced, the reHabiHty 
of the bed may be increased by first venting it with a ^-incli 
vent wire, as seen at Fig. 53, before the l^-inch depth of 
facing sand is shoveled on. When this latter plan is used, 
the vents from the face, made with a ^-inch vent wire, need 
not extend to the cinder bed. 



49. Objectloaable Method.— The methods that have 
so far been described are the proper ones for forming the 
bottoms of molds that are bedded in; there are other 
methods in use, however, that are neither mechanical nor 



proper. Thus: A workman having to mold the pattern 
shown in Fig. 55, makes a hole in the floor and fills it with 
sand, without doing any packing; or else he builds a mound 
of soft sand. On this he lays the pattern and jumps upon 
it; after which he digs out the sand from the lugs, again 
jumps upon the pattern, gets off, and digs out more sand 
from under Ihe lugs, and so on until the whole of the under 

,V. Fol. iy.—t6. 
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surface of the pattern is in contact with the sand, if the 
pattern does not break in the meantime. Then he lays a 
wooden block on the pattern, and pounds it with a heavy 
sledge hammer, as shown in Fig. G2, until the face of the 
pattern is bedded into the sand to a depth of ^ to 1 inch, 
depending on the molder's weight and strength and the 
weight of the sledge. This operation is repeated until the 
mold is made or something breaks. This, then, is an illus- 
tration of how a thing should 7iot be done. 

Some patterns may be bedded in by merely forcing them 
into soft sand; but care and good judgment are required 
in doing such work. When a molder uses this method 
indiscriminately for all bedded work, the practice is certainly 
reprehensible. 

50. Ground Beneath Prepared Beds and Molds. 

Having dealt with the preparation of soft or hard beds to 
form the bottom of molds, attention is now called to the 
necessity of knowing, as far as possible, the condition of the 
eartti or g^round below the bed. Many castings have been 
lost because the ground underneath the beds of the molds is 
in a soft condition ; we may make the prepared bottom of 
the molds as hard as possible and still have castings badly 
swollen or distorted or lose all the metal out of the mold if 
the under g^round is not solid. If there is any doubt as to 
the solidity of the under ground, the only reliable procedure 
is to dig down and test the under ground with pick and shovel, 
or a fair idea of the condition of the ground may be obtained 
by driving down pointed iron bars. Where heavy or deep 
castings are to be made over untested ground, it may often 
be necessary to dig down from 2 to 4 feet below the level of 
the bottom of the molds, in order to be assured that the 
earth is sufficiently solid to withstand the pressure of metal 
that will be put upon the mold when it is poured. A source 
of trouble in many foundries arises from the careless manner 
in which holes left by old molds have been filled up with 
sand. Some molders, after taking out a deep casting that 
has been made in the floor, will merely throw in some water 
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and loose sand until the hole is filled to the level of the floor, 
and then in a few days, dig out the same hole to make a 
shallow casting, without going down to solid ground; many 
castings have been badly strained or lost on this account. 
When deep castings (or shallow ones, even) are taken out of 
the floor, all the dry and loose sand should be shoveled out 
and then dampened and tempered before being shoveled 
back into the hole. This sand should be shoveled in in 
CDurses of from 5 to 8 inches deep, and butt-rammed until 
solid. If this practice is followed, any molder who may 
desire subsequently to make other castings over or near the 
same place, can rest assured that the ground under or at the 
sides of his mold will be solid, and if his mold also is flrmly 
made, he can produce a casting free from swells or strains 
on its lower side. 



CAVITIBB IN BOTTOM OP CASTINGS. 

5t. There are many molds having bodies of sand 
extending upwards from the bottom that are not covered 



with iron until the metal has nearly reached the top of the 
mold; flat-bottomed annealing pots afford an example of 
this. Figs. 03 and 04 illustrate this form of mold, Fig. 03 
being partially broken away at a to show the projection in 
the mold. 

The gases generated at the bottom of such molds when 
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the pouring is commenced endeavor to rise upwards through 
the vents formed in the projection; this, together with the 
fact that the pressure of the metal over the top of the projec- 
tion at a, Fig. G4, is less than at the bottom d, is liable to 



Fig. m. 
give trouble. Then again, when the metal commences to 
cover the flat surface of such projections as ti, lis move- 
ment is much slower than the rise of the metal at the 
bottom of the mold ; the result of this is that if there should 
be any blowing or bubbling of the iron as it comes to the 
top of the projection a, the rise of the metal will be so slow 
in creating pressure over the face of the projection that 
scabbing will take place, endangering the safety of the cast- 
ing because of the liability of the iron getting into the vent 
holes leading down from the face at n to the cinder bed or 
other outlet for the vents. To prevent the projection from 
blowlntc the casting, the surface at a is made as soft as 
practicable and the large vents not brought nearer than 
within I inch of the top surface of the projection. This is 
done by ramming up the sand firmly to within i inch of the 
top and then striking it off with a straightedge cut away 
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at the ends, as in Fig. 53. The bed having been struck off 
J inch below the top of the surface, a ^-inch vent rod is 
used to vent closely all over the area down to a cinder bed C 
or other outlet for the gases. The tops of these vents are 
then stopped up with the end of the finger, a very open 
grade of facing sand shoveled in over them and pressed 
down with the fingers and palm of the hand as softly and 
evenly as can be done. This lightly packed sand should 
extend about f inch above the level of the face at ^, so that 
the top of the sand may be struck off to give a smooth and 
finished face to the projection. Before striking off this 
extra f-inch thickness of sand, the face is closely vented 
with a fine wire, about -^^ inch in diameter, to a depth of 
about 3 inches, thus connecting the face vents with the large 
J-inch vents, as in Fig. G4. The f-inch thickness of sand is 
struck off and the surface finished with a tro^vel, leaving 
the top of the projection as it appears at a. The mold is 
shown made above the level of the floor, but it can be made 
in a hole dug in the floor, so as not to require any part of 
the flask but the cope; in fact it would be better to make 
such castings in the floor, if the shop arrangement permits 
digging, as then there cannot be any danger of a run out 
at the bottom of the nowel at c. This casting may be 
poured by an Inlet sate e connecting with the uprigrht 
fixate or sprue e'. The cope is not shown; it is a wooden 
one, 6 inches deep, with bars about 5 inches apart. In 
pouring this mold, the cope is held down with about 
800 pounds of iron. The riser should be kept closed during 
pouring so as to maintain a pressure of gases in the mold, 
as this wiir assist the gases in finding their way down to 
the cinder bed. 



RODDING PROJECTIONS. 

52. There are a great many projections like that seen 
in Figs. 63 and C4 that must be rodded in order to make 
sure that the buoyancy of the metal will not lift them. To 
make sure of this in the casting shown, six |-inch round 
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rods, as at d^ are c 1 ay- ^' ashed or covered with flour paste 
to make the sand stick to them, and then driven equally 
around the circle to the depth seen in Fig. 64. In the 
hands of a good molder this projection will stand without 
rodding, but it is always advisable to take as few chances 
as possible. The question as to whether it is wise or not to 
rod a projection in this manner is often one of judgment, as 
the condition of the patterns, flasks, and sand has often 
much to do with determining what plan it is best to follow. 
All material that is lighter than liquid metal will rise to the 
top of it and float, just as cork will float on water. Sand 
is a lighter substance than iron, and for this reason, if 
the rammed sand is not held down by some means, it will 
rise and let the iron underneath it. The specific grav- 
ity* of cast iron ranges from 6.9 to 7.4; brass, from 7.8 
to 8.4; whereas rammed molding sand ranges from 1.40 
to 1.80. Taking bulk for bulk, a cubic foot of iron weighs 
about 450 pounds, whereas a cubic foot of rammed sand 
weighs about 100 pounds, the specific gravity of iron thus 
being about 4t^ times that of rammed molding sand. This 
means that a projection of rammed sand, such as that seen 
in Figs. 63 and 64, would have to be about 4J times heavier 
than it is before it would remain in position as molded were 
it not assisted by other forces. One aid to this is the 
coherence of the tempered and rammed sand. This pre- 
vents it from being readily separated. We find this prin- 
ciple illustrated in the necessity for using parting sand on 
sleeked joints, in order to separate the sections of molds, as 
previously described. This coherence in the sand of the 
projection would leave but little risk if the rods at d were 
omitted in this special casting, providing it was well rammed 
at the bottom. This is where the danger lies with all such 
work; any softness /it the lower edge of such projections as 



♦The specific gravity of any substance is the ratio of its weight 
in air compared with an equal volume of pure water at 62^ F. tor 
example, 1 cubic foot of cast iron weighs about 450 pounds and 1 cubic 
foot of water about 62.355 pounds at 62° F. The specific gravity of 



cast iron is, therefore, about ^^ ^.>- = 7.2. 
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this allows the metal to undermine the projection, and if 
the metal once gets underneath it, it will rise unless held 
down by rods or some other means. Then again, it is 
necessary to guard against these projections being loosened 
at the bottom when jarring the pattern to draw it from the 
mold. Still further, patterns are often deficient in taper, 
so that in trying to draw them, the whole projection may 
be started or lifted from the bottom and so leave an open- 
ing for the metal to pass under. If any doubt exists as to 
the safety of a projection, it is better to use the rods rf, and 
so prevent possible loss of the casting. Evidently no posi- 
tive rule can be given for such work, but a study of the 
principles here outlined, together with his knowledge of the 
work, will enable the molder to arrive at a right decision in 
any given case. 



TAPER ON PATTERNS. 

53. In the last article, reference was made to the danger 
of starting^ projections, etc., at the base by reason of a lack 
of taper in the patterns. As a rule, a 
pattern should be given all the taper 
that can be practically allowed. The 
greater the taper, the less labor will be 
required in finishing the mold, and, 
also, the longer the pattern will last. 
The deeper a pattern is buried in the 
mold, the more taper it should have. 
In such cases as Fig. 21, where the 
bottom of a deep casting is required 
to be nearly the same thickness as the top, the pattern 
must not have more than a certain taper, as explained 
in Art. 28. Where the conditions are not exacting, 
however, it would be much better to double the allow- 
ance of 1^ inch to the foot there given. This would 
give us ^ inch per foot of taper for whatever depth the 
patterns might be rammed in the sand. In designing 
work calling for such projections as are shown in 




Fig. 66. 
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Figs. C3 and C4, every effort should be made not to have 
lusa than J inch per foot of taijer on the inside projections. 
Such a pattern as the one in qnestion would, therefore, liave 
its top and bottom dimensions as shown in Pig. 65, if the 
length of projection were 18 inches as sliown. It will here 
be noticed that ^ inch per foot is allowed for the outside 
taper and ^-inch taper for the insiile, where it is most 
needed. Not only should patterns have good taper but 
they should also be well provided with arrangements for 
drawing the pattern. In deep patterns, this calls for draw- 
irons, which are screwed to the side of patterns, as shown 
in Fig. 31. 

DEVICB FOR DRAWING DEEP PATTERNS. 

54. Where deep patterns are used to give parallel 
castings, or where difficulty is apprehended in getting a 



pattern out of the sand, draw-screws are provided and used 
after the manner seen in Fig. 00. Here a built-up wooden 
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beam a having openings at b is placed across the mold 
on blocks or ivooden horses; the draw-screws c are 
hooked into the draw-screw holes </, a man is placed at 
each screw, and then at the word ** round" each man turns 
the screw or nut e one revolution only. The word ** round " 
is again called out and another revolution made. This is 
continued until the pattern Pis out of the sand. The giving 
of directions for every turn of the screws is to insure that 
all parts of the pattern will be raised the same amount, 
which aids greatly in drawing the pattern successfully. If 
one side comes out faster than another, it not only causes 
the pattern to bind in the sand, but in the case of molds 
having projections, Figs. 63 and 64, there is great liability 
of starting the projections from their bases, even though 
they be well rodded ; for in such cases the act of starting the 
base might permit the iron to pass in at the line of sepa- 
ration and so into the vents, even though it did not lift the 
whole projection. To have the iron run into the vents at 
the base of the mold is as bad as lifting the whole projection, 
for in either case the casting will be lost. 



FOUNDRY WORK. 

(PART 2.) 



GREEN-SAND MOLDING. 



JOINTS OF PATTERN. 

JOINTS FOR PARTING CIRCULAR FORMS. 

1, The simplest form of Joint and the one most used 
is the straight joint, the manner of making which was 
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described in Foundry Work, Part 1. Joints for parting cir- 
cular forms or deep recesses are shown in Figs. 1 and %. 
The method shown in Fig. 1 is used when the pattern is 
made in two parts, and permits of half the pattern remain- 
ing in the nowei, and the other half coming up with the cope 
when dividing the two parts of the flask. While this method 
can be followed in many cases, there are others where the 
pattern must be made in one piece, and the joint made 
according to one of the two methods shown in Fig. 2. The 
joint shown on the right at x is bad practice, as some 
sand will often be left sticking in the sharp angular pocket 
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formed against the pattern at z. When sand does stick in 
such pockets, it is difficult to patch them without causing a 
heavy ** fin " on the casting, or taking chances of a ** crush " 
at the joint. Then again, such a form gives a very poor 
bearing for gaggers, the setting of which is explained far- 
ther on. 

By making a joint as at j, on the left of Fig. 2, every 
opportunity is afforded for a good bearing for gaggers, and 
for obtaining a ** clean lift." Should any of the joints break 
and require patching, this can be done without much danger 
of leaving large fins on the casting or causing the mold to 
crush, owing to the flat surface at the joint, which gives a 
good guide for patching any broken edges. It is chiefly in 
heavy castings that cutting down in this manner is prac- 
ticed. Small patterns are usually divided as in Fig. 1 or 
provided with follower boards. 



JOINTS FOR IRREGULAR FORMS. 

2. Fig, 3 illustrates a method of making joints by hav- 
ing the parting line of the cope and nowel conform to the 
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Fig. 8. 



Fig. 4. 



shape of the joint of the pattern. The illustration repre- 
sents the end view of the cope a^ nowel ^, and bottom board r, 
the cope being in place for ramming up. The dotted line 
at d shows the lower line of the pattern, while x is the face 
line of the pattern and the line of separation between the 
cope and nowel. Another example of this is seen in Fig. 4, 
which shows the side view of a cope and nowel, the lines of 
the pattern being at ^and x, as in Fig. 3. 
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THREE-PART MOLDS. 

3. Three-Part Flasks. — Many patterns are of such 
a form as to require two or more parting lines. Sheave 
wheels and wheels 
having flanges are 
the most common 
representatives of 
this class of cast- 
ings. The most 
commoa way of 

casting such pieces Fio. b. 

is to have as many parts to the flask as there are parts in 
the mold. One method of molding and casting a flanged 
pulley is illustrated in Figs. 5 to 7. The two parts of the 
pattern, /"and /", are placed in the molding board and the 
cheek or intermediate part f of the flask is placed around 
them. This part is rammed up and struck off as shown in 



Fig, 5. The bottom board is then put on and the part 
turned over. The molding board is removed, parting sand 
sprinkled over the joint, the nowel placed on, rammed and 
struck off. The molding board is then placed on the nowel 
and both parts turned over together, and the bottom board 
removed, when they will appear as shown in Fig. 6. Part- 
ing sand is then sprinkled over the joint, the cope put on, 
the sprue pin located, and the cope rammed. The sprue 
pin is then removed and the pouring basin e formed. The 
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cope is next removed and the groove vented, as shown in 
Fig. 7. After venting the intermediate part, the section Poi 
the pattern is drawn, the cheek or intermediate part /"lifted 



off and turned over, after which the pattern section P' is 
drawn, and the mold cleaned. When tlie intermediate part 
and the cope have been returned to their places, the mold 
will appear as shown in Fig. 7. 

4. Making Three-Part Molds In T wo-Part Flasks. 

A three-part mold may be formed in a two-part flask by hav- 
ing an intermediate body of sand between the cope and the 



nowel. This is illustrated in Figs. 8 to 10, in which the 
pattern described in Art. 3 is used. The pattern is placed 
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upon a mold board and weighted down, after which sand is 
packed around it to form a joint, as at Jt, Fig. 8. The cope 



is now set on and rammed up, after which the whole is 
turned over — then appearing as in Fig. 9. Next, the nowel 
is set on and rammed up, after which it is lifted off and the 
pattern section /" drawn ; the nowel is then set back, and 
both parts clamped and rolled over. The cope is next lifted 



off and the pattern section P drawn; the mold is then fin- 
ished and the cope set back in place, when ilic whole will 
appear as shown in Fig. 10. Parting sand must be used on 
all the joints. 
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STARTING THB JOIKT IN LIFTING. 

5. It is important not only that the joint in th6 mold be 
properly constructed, but also that means be provided for 

properly separating the 
parts, as a good lift often 
depends on the manner 
in which the cope is 
started. It is necessary 
to start some copes 
evenly all over the joint, 
while others part better 
by starting one side be- 
fore the other. In light 
work, there are many 
copes that are best raised 
by being rolled up, as in 
Fig. 11. In rolling up a 
cope, it may be advisable 
to have it go upward and toward the hinge, as shown 
by the dotted lines in Figs. 11 and 12; or on the other 
hand it may go upwards, first describing an arc away 
from the hinge and then towards it, as shown by the 
dotted line in Fig. 13. This movement can be given by 
arranging the hinges as shown in Figs. 12 and 13, from 




Fio. 11. 





Fig. 18. 



which it is clear that the matter of having a cope go up- 
wards from or toward the hinged side can be controlled, 
thereby assisting in getting good lifts when a movement 
in either direction will do this. Of course, the farther 
from the joint the center of the hinge is, the more rapid 
will be the outward or inward movement, 
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HOLD BOARDS. 

e. Their Use In FormlaE Joints. — In making the 
moM for small castings (either of iron or brass) that have 
irregular joints, much time and labor may be saved by using 
a mold board that will form the joint; then, when the 
board is lifted off, parting sand can be sprinkled on and 
the joint is ready for the cope. Many persons making light 
work have the mold board so perfected that it is often diffi- 
cult to perceive where the joint is on the casting. There 
are four classes of mold boards: (!) the wooden mold board, 
which is carved out to give the desired shapes to the joints; 
(3) the sajid-and-couiposition mold board; (3) the plastcr-of- 
Paris mold board; and (4) what is called the match board ox 
match plate. The sand-and-composition moid boards arc 
the ones generally used. Mold boards are sometimes called 
odd sides. 

7. Sand Mold Boards. — The usual method of making 
sand mold boards is to ram up a nowel {harder than usual). 



and then, after making a good firm joint, set upon it a 
frame, having nails driven in at its sides, as shown at «, 
Fig. 14; these nails are driven into the frame to hold the 
sand when using the mold board. When this frame is set 
on, new molding sand (tempered with very thick clay wash 
or else made up of 1 part flour to 10 parts sand) is shoveled 
in and rammed as hard as possible, after which a bottom 
board like the one shown at c is nailed on to the bottom of 
the frame and the frame and board then lifted off. The 

S. Vol. IV.— 17. 



8 FOUNDRY WORK. § 36 

surface of the mold board is now sleeked to repair any 
broken edges or parts that may have stuck down in lifting 
it off, and a little molasses water is blown over the surface 




Fig. 16. 

to Strengthen the joint. The molasses water used in finish- 
ing the joint may be blown from the mouth or from a 
special sprinkler attached to a pair of bellows, as shown in 
Fig. 15. Another form of sprinkling device for use with a 
^^ pair of bellows is shown in Fig. IG. 

fl^^Jjj^^^^;--^ This done, the mold board should 

Tniri~^^ III be set aside for a day or two to 

fS^^ JqS^ ^^Mf^a^ harden, after which it is ready 
I f "^^^ ^or use. In light work, the pres- 

^*==^==ir*i«^ ervation of the joint edges of sand 

^'o- ^*- mold boards sharp and unbroken 

is of the utmost importance. It will help to preserve them 
if all the sharp edges are stiffened with nails driven close 
together, allowing the heads of the nails to come flush with 
the face of the sand forming the mold board ; even then, 
the edges may become ragged and cause bad joints. 

8* Composition Mold Boards. — In place of ramming 
the frame in Fig. 14 with molding sand, a composition may 
be used that will become harder and last longer than the sand 
mold board. A composition often used is one made up of 
fine sand, boiled linseed oil, and litharge; the sand should be 
very dry. Add 1 part of litharge to about 20 parts of sand, 
mix them thoroughly and then sift the whole through a fine 
sieve. Temper this mixture with the oil to the same temper 
as sand intended for ordinary green-sand molding. The 
mixture is rammed, as one would ram a mold, to a degree of 
hardness equal to that generally required in copes. The 
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ramming done and the bottom board nailed to the frame, 
the mold board is then lifted off and left to dry for about 
12 hours, when it will be ready for use. Before putting the 
board away, its edges and surface should be finished in the 
same manner as sand mold boards, using linseed oil instead 
of the molasses. The oil gives the sand firmness, the litharge 
being used as a drier for the oil. 

It is not essential that molding sand should be used en- 
tirely, as almost any sand of fine grain will do. Parting sand 
mixed with one-half molding sand gives good results. If at 
any time the corners or edges are found to be broken, they 
can be mended by patching with beeswax. To form the 
separation between this mold-board mixture and the mold- 
ing sand on which it is rammed, a regular parting sand is 
used. Where the mold board is too large to lift off the 
nowel, they can both be rolled over and the nowei lifted from 
the mold board, and the sand then carefuUy removed from 
the face of the mold board. 

9. Ploster-of-Parlu Mold Boards.— PI aster-of- Paris 
mold boards are often used where, from the crookedness of 



the pattern, other classes of mold boards cannot be made as 
cheaply or as perfectly fitted or kept as true during use. 
This material gives a very hard mold board on which to 
ram. but great care must be taken not to break any of its 
edges, as, even with care, the working in and out of the pattern 
is very liable in a short time to cause the edges to be ragged 
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and broken ; and no durable method of patching such broken 
edges has yet been devised. Fig. 17 shows the mold board 
in process of construction, while Fig. 18 shows it ready for 









PlO. 18. 

use. In starting to make such a board, the pattern is 
rammed up in a nowel and the joint made as in making 
ordinary castings. After the joint has been carefully made 
so as to give it the best possible form (one that will give 
clean lifts and assist in obtaining finless and true-jointed 
castings), it is faced with a good oil. The patterns are 
similarly treated to prevent the plaster from sticking to 
them. A wooden frame having a bottom board nailed on 
is then placed as in Fig. 17; both this frame and the bot- 
tom board should have plenty of nails n driven in them. 
In this bottom board are two holes A for the purpose of 
pouring in the plaster. Before pouring a plaster mold, the 
outside of the joints should be carefully stopped up with 
clay, or else firmly banked up with sand, to prevent leak- 
age. The plaster having been poured in, it is then allowed 
to set until hard ; then the mold board is lifted off and the 
sand removed from the face of the plaster with brush and 
water. After the face of the board is finished up smooth 
and the plaster is dry, it is given a coat of shellac varnish 
containing lampblack, and when this is dry the board is 
ready for use. Plaster of Paris is made by heating pow- 
dered gypsum, which consists of sulphate of lime and water. 
The heat drives the water out of the gypsum, leaving a 
powder that, when mixed with its own bulk of water, forms 
a creamy paste that becomes solid almost immediately. 

In using plaster of Paris, the fluidity of the mixture should 
be regulated by the thickness of the body required. For 
thin bodies, 2 parts of water to 1 of plaster makes a good 
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proportion, but for general work 1 part of plaster to 1 part 
of water will be about right. The pouring holes should be 
as large as practicable; for in filling thin places or corners, 
the quicker the mold is poured, the better. If a mold has 
any considerable body, it will shrink so much as to require 
being filled up with more plaster after it is poured. Before 
starting to pour a mold, therefore, there should be plenty 
of water and plaster at hand, to avoid any delay after the 
pouring has begun. With practice, one can estimate very 
nearly the amount of mixture required to fill a mold; it 
should be all mixed before starting to pour, especially in the 
case of light molds. For thick bodies one may partially fill 
a mold and then complete the job by a second pouring; 
but generally speaking, plaster of Paris requires prompt 
handling. 

10« Matcli Plates or Matcli Boards. — There are 
cases where matcli plates, as they are termed, will be 
found of value in expediting the making of joints; their 
construction is very simple. Fig. 19 shows the mode of 
constructing a match plate for two patterns, one of which 
comes wholly below the joint line and the other partly 
above and partly below it. In Fig. 19 (d) the nowel is 
shown rammed up and the joint made, P and Q being the 
patterns. The cope when rammed up appears as seen in 
Fig. 19 {a). The manipulation so far is the same as that re- 
quired for making a casting from each of the patterns. The 
next step is to mold the plate portion. This is done by 
banking sand against wooden strips -^ inch to ^ inch thick. 
In this way the body of sand ^, Fig. 19 (r), is formed. The 
thickness of this body of sand should be so chosen that it 
will make the plate strong enough. The gates are cut as 
though the casting was to be poured through them. The 
cope is then closed and the mold poured, the casting being 
the match plate shown in Fig. 19 (d). Fig. 19 (e) shows the 
nowel rammed up, the cope set on, the gate pin/ in place, and 
the cope ready to be rammed up. The ends of this match 
plate extend beyond the flask and contain notches for the 
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flask pins to fit into, so that the mold may come together 
properly when it is closed. This will be better understood 
by reference to /", /*, view (^), which shows the pins guiding 
the mold. Should there be any overlapping of joints in the 
castings produced, the trouble will generally be due to shaky 
or untrue pins. In making the match plate, as well as in 
using it, the pins on the flask must be carefully looked after, 
or properly jointed castings will not be obtained. 

Wooden ** matches" made by the patternmaker are also 
used. The match plate or board is of practical use only for 
castings that have plain outlines and are without sharp 
corners, cores, or projections. 



GAGGERS AND SOLDIERS. 



THBIR USB. 

11. G aggers and soldiers are appliances used in combina- 
tion with flasks and cross-bars to enable the molder to lift 
and suspend bodies of sand. This will be better under- 
stood by reference to Fig. 20, which represents a cope 




Fig. 20. 

IG inches square by 5 inches deep. If this cope were rammed 
full of good and properly tempered sand, having its joint 
level with the bottom edge of the cope at ^, the sand would 
lift and stay suspended. If, instead of the joint being 
level with e^ it is desired to have the cope sand project 
down into the nowel, as shown by the dotted line at e\ 
where it extends more than f inch below the level at ^, then 
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this sand would not be liable to lift with the cope, or if it 
did, could not be safely suspended without the use of gan- 
gers or soldiers. A body of sand 16 inches square and level 
with the lower edge of the cope, as at /», is about as large a 
body as can be suspended without the use of cross-bars — 
such as shown in Figs. 24 and 25. Even with a body 
16 inches square, it is necessary to have grooves along the 
sides of the flask or else projections liker, as without one or 
the other of these the sand will be liable to slide out of the 
cope. While 16 inches square is given as being the largest 
area of sand that can be safely suspended, even that cannot 
be done in all cases. 




MAKING GAGGBRS. 

1 2» GafCfcers are made of cast or wrought iron. Fig. 21 
shows the form generally used. They can be made of either 

square or round iron, and are 

I j i ii,,. m,. ' iiym i ii... i i i ii||nij usually about 4 inches long at 
lllll.iiiiiii.i... ' V''^ Ilk L-:,l!l the toe w, with the shank n 

from 5 inches to 20 inches or 
more in length, according to 
requirements, and from f inch 
to ^ inch in diameter or square. 
^"^* *** In some shops wrought-iron 

gaggers are used almost exclusively; while in others cast- 
iron ones have the preference, as they will not spring, are 
cheaper to make, and have the advantage of being readily 
broken off to any desired length when shorter ones cannot 
be found. 

Wrought-iron gaggers are useful in work where the toe 
must be bent to suit slanting surfaces and joints. In some 
foundries objection is made to breaking cast-iron gaggers, 
and to avoid breaking them, they are left sticking out of the 
cope, as shown at P, Fig. 26. Gaggers sticking up in this 
way are liable to be hit accidentally after the cope is closed, 
and this may result in the loss of the casting. Jt is bad 
practice to leave gaggers standing above the surface of the 
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cope. Cast-iron gaggers can be made to good advantage 
in open sand by having from four to twelve patterns on 
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Fig. 28. 

a board, as seen in Fig. 22, and pressing the board into a 

level bed of soft sand by 

pounding on the battens d 

with a light sledge. When 

the gaggers are cast, they 

appear as shown in Fig. 23; 

they are easily knocked off 

the runner e with a hammer. 

The wrought-iron gaggers 

are usually made by cutting fio. as. 

straight bar iron into the required lengths and bending the 

toe w, Fig. 21, in a vise, or over an anvil. 




MAKING 80LDIBR8. 



1 3. Soldiers are merely strips of wood. They can be 
made by taking a piece of rough straight-grained board, 
sawed to any desired length, and cutting it into strips of any 
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desired size. They range iii size from a thin strip to one 
8 inches wide. Often these soldiers will be nailed to the 
sides of crosH-barit, so as to assist in lifting deep bodies of 
sand. The soldiers, if well sustained between the cross-bars 
by n:iiling them or by ramming them firmly between the 
bars, will lift larger bodies of sand than if gaggers were 
used over the same area. In using soldiers they must not be 
placed too near the surface of the casting where there might 
be danger of the iron breaking the sand away from their 
surfaces, for if this occurred, the steam and gas from the 
wood would cause the mold to blow and spoil the casting. 
Then again, if soldiers are to remain bedded in the sand 
for more than a few hours, they should be well soaked in 
water before being placed in position, for if they swell in 
the mold, they may cause bad castings. 



SETTING GAGGER8. 

14. The main thing to be kept in mind when setting 
gaggers is that, bulk for bulk, a gagger is about 4^ times as 
heavy as rammed sand. 
Gaggers are used some- 
times to aid in lifting 
L bodies of sand that 
"^ would have a better 
chance of being lifted 
were the gaggers omit- 
ted ; this wiil be better 
Tta. 84. understood by reference 

to Fig. 24, in which a body of sand about 3 inches deep is to 
be lifted. Gaggers set as at / will do more injury than 
good; to be of any service they should be long enough so 
that at least two-thirds of their length will be between the 
cross-bars, as at t/. Then again, where gaggers are expected 
to lift a heavy body of sand, not only should they come up 
well between the cross-bars or in the cope, but the sand 
should be firmly peened and rammed between them. 
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SETTING CROSS-BARS. 

1 5, In putting bars into ordinary copes, a space of from 
5 inches to 6 inches between each bar will answer for plain 
work; but for copes that have bars projecting into deep re- 
cesses in the nowel, or that have them cut to permit of pro- 
jections in the cope, different spacing and a different system 
of barring a're often necessary. At s, t, and u. Fig. 25, is 
shown an objectionable method of setting cross-bars in the 
cope used for making a long casting of the general cross- 
section shown at P. One objection is that the flat side of a 
cross-bar is placed parallel with the flat face of the pattern, 
leaving a poorly supported, thin, flat body of sand v. In 
ramming sand in such narrow pockets as at v, careful 
judgment must be exercised; if the sand is rammed too 
hard, the gases will not escape freely, and scabbing or blow- 
ing is likely to result. Another objection to the method 



shown in Fig. 25 is that where it is necessary to roll the cope 
over, the thin flat cake of sand is likely to drop off unless 
securely rodded, which involves having straight rods of 
round iron coming from the face up between the bars. 
Bars used for lifting sand out of pockets or for carrying 
hubs or other projections should be arranged so as to 
have a considerable body of sand around them. This not 
only lessens the dangers due to hard ramming, or lack of 
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freedom in venting, but it gives more room for ramming up 
and seeing what is being done when setting gaggers, etc. 
Another objection to using bars as at s, t, and u is that 
the gaggers cannot be set very readily or firmly, and the 
danger of a "drop out" is greatly increased. For such a 
job as here shown, the bars should be set across the mold, as 
indicated by the dotted outline of in Fig. 20. The position 
of gaggers 1, 2, 6, 7, and D, Figs. 25 and 3ii, shows lack of 
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judgment. The sand at 7 would be more likely to lift if 
the gagger was not used, as its length is only about that of 
the body of sand to be lifted, and iron, as already explained, 
is a great deal heavier than sand. If bars could not be 
placed as at o o. Fig. 26, and it were necessary to set a 
gagger as at /, Fig. 25, it would be better to keep it about 
3 inches higher and reverse the toe of gagger 2, bringing 
the toe or point under the bar toward the face of the pat- 
tern. The position of gaggers 11, 12, Li, and 14, Fig. 2*5, 
In connection with the bars at a, o, represents good practice. 
Gagger 9 should be reversed, having its toe turned toward 
the face of the pattern, while 10 should be brought forward 
and have its toe almost touching the face of the pattern. If 
the cope is to be rolled over, more gaggers (Wand J^) should 
be used as the height of the ramming increases. The 
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points of gaggers against the surfaces of flat bodies of sand 
cannot do the harm that gaggers can when set as at 1 and 9, 
by not having good support and by producing soft spots in 
the mold. 

DRIVING STAKES AND STARTING THE JOINT. 

16. Fig. 26 is also used to show right and wrong meth- 
ods for staking copes that are used over bedded-in patterns. 
Stakes should be driven almost parallel to the side of the 
cope, as shown at x\ it is bad practice to drive them at a 
considerable angle, as shown at j/; a stake driven in this 
manner is liable to cause poor lifts and overshot castings, 
because of the great angle it makes with the surface of the 
floor. In staking flasks for ordinary work, at least two- 
thirds of the length of the stake should be driven into the 
ground. Sometimes, to insure greater certainty in large 
work, it is best to drive one stake behind another, as illus- 
trated by u and x. To assist in the lifting of such deep 
copes as shown in Figs. 25 and 26, iron starting bars can 
sometimes be used, as shown at z, s, Fig. 25. It is impor- 
tant that the cope be started properly ; for if it is started 
so as to raise one side before the other, or if it is started 
with a jerk, the most careful ramming and use of gaggers 
will be of little avail in giving a good lift. Where two or 
more men are required to lift the cope, it is often a good 
plan to first raise it an inch or two by raising each corner 
alternately from ^ inch to \ inch and inserting a wedge to 
hold up the corner as it is lifted, or it may be advisable to 
raise one side of a cope at a time, lifting it only a small 
distance at once; the distance can usually be increased at 
each succeeding lift. 

FINISHING THE MOLD. 



IKTORK REQUIRED AFTER DRAINING PATTERN. 

17. As a rule, all molds require more or less finishing 
after the pattern has been drawn, bench-work castings re- 
quiring the least of any. Some light-work patterns are so 
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finely made and gated that the cope may be closed as soon 
as the pattern is drawn, there being no finishing whatever 
required; in heavy work, however, the reverse is usually 
true. In some cases it may take longer to finish a mold 
than it took to ram it. This may be due to the intricacy 
of the design, or to bad work in drawing the pattern, or it 
may be due to the manner in which the mold was rammed up. 



CARB AND SKILL IN RAMMING. 

18. Two molders may ram up the same pattern in the 
same flask, and yet one may take twice as long to finish the 
mold as does the other. As a rule, the greater the care, 
skill, and time bestowed on ramming, the less time is re- 
quired on finishing; the skilled and careful workman, gen- 
erally speaking, so rams his mold as to require the least 
time in finishing. 

In the case of many heavy-work molds the inserting of a 
nail or rod at the corners and flanges when ramming will 
render them less liable to start or break when drawing the 
pattern; and there are but few such molds in which care in 
ramming will not prevent their having soft places that 
require to be patched. In some cases, the soft places that 
occur from careless ramming may be so extensive as to 
cause large portions of the mold to break and fall down 
while the pattern is being drawn. In the ramming of copes 
especially, there is an opportunity to save subsequent labor 
in finishing. Some molders use so little skill and care in 
ramming the cope,' that when it is lifted off, the sand will be 
soft under all the cross-bars. Where this occurs, the soft 
places must be pressed down solidly with the fingers, sand 
filled in firmly by hand, and rubbed off level with the rest of 
the mold by using a finishing block or straightedge before 
the surface is ready to be sleeked with the trowel. All of 
this extra work can be avoided by careful ramming. A cope 
that is so rammed that when lifted the sand under the cross- 
bars has to be worked over to make it solid will rarely give 
as good and true a surface as would otherwise be the case. 
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NAILS AND RODS AT JOINTS AND COHNBRS. 

19. A judicious use of nails or rods in ramming and 
finishing molds may prevent many castings from being de- 
fective. It is possible, however, 
to use them too freely or im- 
properly. A nail should not be 
used as seen at w/. Fig. 27, as 
when driven in this manner, it 
only adds weight to the edge of 
the mold, instead of giving it 
support to keep it from drop* 
pine. The proper way of using 
such nails or rods is shown at h. '°' "' 

Here the nail is driven in such a way as to take it away 
from the face of the pattern into the body of the sand, 
where it can have a firm hold and assist in keeping the edge 
from dropping. 



PATCHING THB MOLD. 



20. Often the mold is more or less broken in drawing 
the pattern. Whenever practicable the mold should be 
mended with the hand, and then smoothed off with a fln- 
lahlns block or straightedge to as nearly as possible the 




proper form, before a trowel or other finishing tool is used. 
Many molders patcb such places with a trowel; but when 
one takes sand on a trowel and presses it on to the mold, he 
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gives the face of the patched part a smooth surface, with 
which the next trowel of sand will not unite as well as when 
the broken parts are built u,p by using only the hands. 
The objection to patching with a trowel is that the patched 
part may be easily loosened and drop if the cope is slightly 
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jarred ; or it may be washed off by the friction of the inflow- 
ing metal when the mold is poured. Fig. 28 shows the 
molder's hand patching a broken corner with a trowel, while 
Fig. 29 shows the hand being used to get the part in proper 
form before the trowel is used. 



SliVABBING BROKEN CORNBRS. 

21. Many molders before starting to patch a broken 
mold freely wet the surface with water, thinking thereby to 
make the sand stick better to the broken body. Unless the 
broken surface is drier than the rest of the mold, it should 
not be moistened. If it should require moistening, how- 
ever, the mouth or one of the spraying devices shown in 
Figs. 15 and 16 should be used; for when the water is put 
on with a swab or sponge, it is liable to make the surface of 
the broken part too wet, and this may do more harm than 
good. 
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MOI8TURIS IN MOLDS. 

22. In tempering green sand, it is given a certain de- 
gree of moisture, and when this is too great the volume 
of steam created by the hot metal in the mold, during the 
pouring, may become dangerous. The sand will permit a 
certain amount of steam to pass through it without harm; 
but when a molder makes the under surface of his mold too 
wet, and then fills the mold with molten metal, the metal 
rapidly heats the sand to a temperature sufficiently high to 
change the water to steam, and this steam will liberate 
itself in the line of least resistance. If the wet portion of 
the mold has been well vented, the steam may pass off 
through the sand, but the chances are that the line of least 
resistance will be through the liquid metal. If the steam 
passes through the metal, it is likely to have enough force 
to raise (in part, at least) the body of sand that is covered 
by the metal. If it does this, we may expect lumps or scabs 
on the casting, making it defective. Or again, there may be 
so much steam created that it will start the mold blo^pving:, 
and this may result in losing the casting; or worse still, in 
throwing the iron out of the mold at the risk of life and 
property. As a rule, it is safe to mend a broken part of the 
mold without first wetting it, and then after the patching 
is completed, to take a swab and wet the surface of the fin- 
ished part, in some cases quite heavily, and still have no in- 
jurious results from steam. This is owing to the fact that 
in order to escape, the steam will not have to raise a body 
of the sand. The steam being created at the surface, the 
portion that does not pass off through the sand has only 
the iron to pass through in order to escape. In doing this, 
it may make the casting blow to some extent, as it would if 
the steam had come from the lower parts of the mold ; but 
if the blowing is not too great from this cause, the casting 
will not be injured. 

An illustration of what is to be expected from steam con- 
fined under the surface of the mold is shown in the fact 
that one can cover the surface of a body of liquid metal 
with water without any injurious consequences, the reason 

5. Vol. IV.— 18. 
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being that the steam is created on top of the iron and has 
simply to pass off into the atmosphere in being liberated. 
Let one try, however, to place the same body of water in 
the bottom of a ladle and then pour liquid metal in on top 
of the water; the result will be an explosion that will drive 
all the iron out of the ladle, and possibly seriously burn 
those near by. Dampness can only exist with safety so long 
as it is on the top of metal; if it occurs underneath the 
metal, serious results may be expected. If the molder will 
bear this principle in mind when swabbing any part of his 
mold, he will have very little trouble with scabs or blowing 
as a result of an excess of moisture. 

Another evil resulting from the use of too much water in 
finishing a mold lies in its hardening the metal at the point 
of extra dampness. The edges of castings can be made so hard 
. by extra dampness in the sand at such points that a file will 
not cut them. Another effect of excessive dampness is to 
give the iron an extra amount of combined carbon at such 
points; this alteration of its physical nature may cause a 
casting to crack when cooling, or break in pieces when put 
into use. 



VENTING PATCHED AND SHARP BODIES OP SAND. 

23. It is always well to vent patched parts of a mold 
with a i^Y"^'^^^ vent wire, for usually the patched sand will 
be harder and damper than the rest of the mold. Again, in 
many large molds having corners, projections, etc., it is 
a good plan to pass a fine wire from the face downwards into 
the body of the mold to a depth of from 4 to 6 inches. 
These fine-wire vents will provide a means of escape for 
the gases to the larger vents, and if made about 1 inch apart 
over the surface most likely to scab, that evil will be 
avoided. Many molders make a practice of venting almost 
every sharp corner or projection in large molds, and al- 
though this takes time, yet it pays in the end, for it is 
seldom that any delicate portion of molds so vented give 
scabbed castings. To prevent such fine venting breaking 
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the surface of the molds, the vent wire is run through the open- 
ing between two fingers, 
as shown in Fig. 30. The 
tops of the fine vent holes 
are stopped up by press- 
ing the fingers or pahn 
of the hand over them, 
and then going over the 
holes with a little fine- 
sieved sand, rubbing it 
into them with the hand ; 
after this, the surface is 
neatly sleeked and then 
dampened lightly with a 
swab, or sprayed. The 
success of some molders 
in getting large castings^ 
free from scabs, etc., is 
due in part to their habit 
of using the fine vent 
wire at corners when fin- 
ishing their molds. Pio. bo. 



USING THB TROWEL. 

24. Considerable skill is required in handling a trowel 
properly. When one first uses a trowel, lie is liable to dig 
into the sand and do more harm by loosening the sand than 
he does good by pressing it down to a solid smooth surface. 
The trowel should never be kept flat on the body being 
sleeked, as in Fig. 31. The proper way to use it is to raise 
one edge slightly, as at d. Fig. 32; it is here, however, ele- 
vated an excessive amount for the purpose of illustrating 
the idea more clearly. The trowel should have its forward 
edge raised only about f'j inch. Ibis being just enough to 
keep it from digging into the sand and yet not leave a 
flat face on the sand. If one is an expert, he may, in many 
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cases, sleek green-sand surfaces with the whole flat surface 
of the trowel bearing on the sand. 



Pia. SI. 



In handling a trowel, the first finger should project as far 
on the blade as convenient, so as to give a pressure to the 



FlO. 12. 

blade, as seen in Fig. 31 ; a novice will usually grasp a trowel 
by the handle, as seen at £ in Fig, 32. 
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A facing of dry blackening or silver-lead dust should 
rarely be sleeked on the surface of a mold with the flat of 
a trowel ; for if the blackening does not stick to the trowel, 
it is liable to loosen in such a manner as to lift when the 
mold is being poured and cause what are called blackening 
scabs to appear on the casting. 



USING THB SLEEKING TOOLS. 

25. When sleeking wet blackening on cores or molds 
(skin-dried, dry-sand, or loam work), the trowel must be 
kept tilted. If at any time the flat face of the trowel 
or any other finishing tool touches the wet blackening, it 
will stick to it. Not only must the finishing tool be tilted, 
but it must be kept in motion, for if still an instant, the wet 
blackening will stick to it. Considerable skill is required in 
sleeking wet blackening, and much experience is necessary 
before one can handle finishing tools in such a manner as 
not to start the blackening, the effect of which would be to 
cause blackening scabs on the casting. Some wet blacken- 
ings are so difficult to sleek that it is necessary to keep con- 
stantly dipping the tools in water, in order that they may 
slide more easily over the blackened surface. 



OTHER FINISHING TOOLS. 

26. A molder should have a good set of molding 
tools. Some shops demand that a molder be well equipped 
with tools; in fact, they often go so far as to require the 
molders to have tools that will fit nearly every variation in 
the shapes of edges and corners that may exist in their 
patterns, and if these shapes are out of the ordinary line 
manufactured by regular toolmakers, they will have the 
special tools made. 

The trowels, lifters, and double-enders are usually made of 
steel, while the other tools are often made of cast iron and 
brass. Brass tools will sleek wet blackening better than those 
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made of iron or steel, although if steel tools are nicely made 
and finished, many molders can do better work with them 
than with those made of brass. Figs. 31 and 33, and also 
Fig. 41, Foundry IVork, Part 1, show the ordinary finishing 
tools. These can be obtained from dealers, in different sizes. 
A tool box especially designed to hold tools in such a man- 
ner that any one of them can be readily found is very 
desirable, and the tools should always be clean and in good 
order, ready for use. 

The names of the tools shown in Fig. 33 are as follows: 





(f) 








Fig. 3S. 



(a), flange and lifter; (^), flute; {c), bead; (rf), double 
square; (^')» Jankee No. 1; (/), pipe slick; (^), half-round 
corner; (//), inside square corner; (/), square torner. 



8LBBKING AND PRINTING DRY BLACKENING. 

27. After the surface of a mold has been finished, it is 
often necessary to **dust on" blackening (or to rub it on 
with the hand) and then to sleek it down solidly with the 
same tools that were used in finishing the surface of the 
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Fig. 34. 



sand. For heavy castings, it is best to rub on the black- 
ening with the hand; especially is this necessary when put- 
ting it on the sides of 
molds and copes that can- 
not be rolled over. In a 
great variety of work, the 
blackening can be sha- 
ken out of a cheese-cloth 
or other thin cotton-cloth 
bag, as in Fig. 34 ; or it can 
be scattered by the hand 
in the same way that part- 
ing sand is spread. After 
a mold has been coated 
with dry blackening, it 
should be sleeked As soon 
as can be conveniently 
done. If there is any de- 
lay, the blackening is likely 
to absorb the moisture from the sand ; with some blackenings 
it will then be difficult to sleek them without their sticking 
to the trowel, the result of which will be a badly finished 
mold that may cause blackening scabs. Where trouble is 
caused by the blackening sticking to the tool, it is best to 
dust on a light coat of charcoal over the top of the heavy 
sticky blackening. Charcoal dust is very light and is slow 
to absorb moisture; this makes it an excellent material to 
aid in the sleeking of sticky grades of blackening. Where 
charcoal has been used, bellows are necessary to blow off all 
the dust that does not adhere to the surface of the mold; if 
this is not done, the loose dust will run before the metal 
when the mold is poured, and gather in lumps. In fact, 
where it is desirable to have clean, sound castings, it does no 
harm, whatever may be the grade of blackening, to use the 
bellows to blow off the dust, provided the face of the mold 
is not broken by the force of the blast. 

It is chiefly in medium-weight and heavy castings that it 
is found necessary to sleek dry blackenings. In light work, 
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another plan, called prlntlni;, is largely followed. This 
consists in shaking the blackening (out of a bag) evenly over 
the whole surface of the mold and then setting the pattern 
back carefully into the mold; the pattern is then rapped 
down lightly over the whole of its surface knd in this 
way pressed into the blackening dust. It is again rapped 
lightly (to loosen it in the mold) and then withdrawn. If 
the above is properly done, the loose blackening dust will 
have been pressed down solidly on the face of the mold 
and will give form to the most delicate imprint of the 
pattern. In printing patterns, the molder generally has 
at least two bags; one holding a heavy blackening that he will 
shake on first, the thickness of this first coat being sufficient 
merely to cover the face of the mold, only about ^'^ inch. 
The second bag will contain charcoal dust, or some other 
light grade of a specially prepared blackening. As soon as 
the dust from the first bag has settled, the second bag will 
be used, after which the pattern is ** printed back," as 
described. In doing this, the pattern must be perfectly dry. 
This is very important, for if there is the least moisture 
about the pattern, the blackening will stick to it when it is 
withdrawn from the mold. After a pattern has been im- 
printed, bellows are often used to blow off any blackening 
dust that may not have been firmly pressed on to the 
surface of the mold. 



SKIN-DRIEO MOLDS. 



GENERAL REMARKS. 

28. Many large castings that it was formerly thought 
impossible to make except in dry-sand or loam molds are 
now made in green-sand molds by skln-dryini;. Skin- 
drying is also practiced with lighter work for the purpose 
of giving green-sand castings the surface and color of dry- 
sand ones. 

It may be advisable to skin-dry some molds because of 
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the nature of the sand used; this may contain too much 
clay, or it may be of such character that it would not other- 
wise withstand the heat and wash of the metal. The pur- 
pose of ** skin-drying " is to give green-sand molds a hard 
surface, devoid of moisture as far as possible, and like the 
hard and dry surface found in dry-sand and loam molds. 
For this purpose special physical characteristics are re- 
quired in the sand that is used for the facliiK, as common 
heap sand can be used only for the backing:. The facing 
sand should be of a loamy open nature, hardening only when 
heated, and also sufficiently porous to permit the metal to 
lie against its surface without bubbling or boiling. When 
unable to obtain the right grade of sand for making facing, 
the ordinary grades may be used if mixed with flour, beer, 
molasses water, or clay wash. When flour is used, the usual 
proportions are 1 part of flour to from 20 to 30 parts of 
sand, according to the nature of the latter. When flour is 
used in the sand, care must be taken in drying the mold, 
for if the heat is great enough to burn the flour, it will cause 
the surface of the mold to crumble. The beer,- molasses 
water, or clay wash may in some cases be used for wetting 
sand that has been mixed with flour, or the flour may be 
omitted and the sand sufficiently strengthened by the aid 
of the washes. Again, some sands, on account of their 
closeness, may require to have a sharp sand mixed with 
them. Some localities possess molding sand naturally 
adapted to skin-drying, while others do not, and, therefore, 
in the latter, more or less ** doctoring" will be necessary to 
make the sand serviceable. *The thickness of the facing 
u.sed against the pattern generally ranges from 1 to 2 inches. 
Atter the facing sand has been banked against the pattern, 
common heap sand is used for a backing, and the mold 
rammed in the manner generally followed in green-sand 
work. 

The facing for skin-dried molds is, as a general rule, used 
a little damper than facings would be for common green- 
sand work. 

In cases where the sides of molds are very deep, and very 
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heavy or deep copes are used, it is often well to ram up 
i-inch to J-inch rods with every other course, as at 
Nos. 1 to 10, Pig. 35. Where the copes are skin-dried. 



Pig. SD. 
they should, as a general thing, he very closely gaggered; 
and with some grades of sand, the surface should have nails 
between all the gaggers with the heads coming even with 
the face of the mnld and covered only with the blackening; 
for if this is not done, the dried crust on the surface of the 
mold may easily drop off. Not only is this practiced with 
copes, but in some cases molders will nail the side of nowels 
that are over C inches deep as a protection against the dried 
crust falling away from its green backing. The gates and 
portions of the mold where the metal first enters are gener- 
ally the parts that should be well nailed, for in skin-dried 
molds if the surface once becomes broken it soon washes 
the crust away, after which the matcri.il offers no greater 
resistance to the rushing metal than would so much dry 
dust. 
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In finishing the joints of skin-dried molds, it is essential 
that they be sliaved as at /, Fig. 35, so as to prevent their 
crushing when the copes are closed, for the least pressure 
on the joint at the edge of such a mold may readily cause 
a crusti« There is no class of molds that requires more 
delicacy in handling, for the surface is only a crust about 
^ inch thick that has but little union with the body of the 
mold, and may easily be separated from it by any jarring. 
Some molders will not trust to the nails for holding the por- 
tions of the mold surrounding the gates, but instead make 
cores the shape of that part of the mold and ram them up 
with the pattern. This is the best method for preventing 
skin-dried molds from cutting at the gates. 



FINISHING A SKIN-DRIBD MOLD. 

29. After the mold has been made and its surface nailed 
over, as just described, it is finished by wetting the entire 
surface with beer or molasses water. This is done lightly 
by means of a camel's-hair or other soft brush. After the 
surface has been moistened it is sleeked up with finishing 
tools, as in finishing any green-sand mold. Where molds 
are very large, they are moistened and finished in sections, 
for if all the surface of a large mold were moistened at one 
time, portions of it would be too dry to finish well by the 
time the molder reached them; when there is more than one 
molder working on a job, this precaution may not be neces- 
sary. The mold having been sleeked with the finishing 
tools, the next proceeding is to blacken its surface, which 
may be done in one of two ways. One is to blacken the 
mold in the same manner that a dry-sand or loam mold is 
blackened; the other is to rub the blackening on dry in the 
dust form and then, after sleeking it as in Art. 27, to 
moisten the surface heavily with molasses water or beer 
wash (the former is preferable), applying the liquid with a 
soft brush. Rubbing the blackening dust on is only neces- 
sary on the sides of the mold, as a bag can be used to shake 
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it on the bottom. These two methods of blackening may 
often be used to advantage on the same mold. The plan of 
rubbing the blackening on dry and then going over it with 
the molasses water or beer wash, does not dampen the sur- 
face as much as when it is blackened with an all-wet black- 
ening, as in the case of a dry-sand or loam mold. The rea- 
son why these two plans of blackening will sometimes work 
well together is because in skin-drying the mold with fire- 
pans or sheet plates, there are some parts that will receive 
more heat than others. 

By exercising care and judgment in dampening the sand 
and in blackening, all parts of the mold may become dry at 
about the same time; if the work is done in such a way that 
one part dries before the others, it may burn. In blacken- 
ing the surface it should be done as smoothly as possible, so 
as to avoid the necessity of much sleeking. By sleeking 
the wet blackening, a smoother casting may be produced ; 
but unless it is carefully and skilfully done, there is more 
or less danger of the sleeking causing scabs. In putting 
the blackening on, it can be used thin enough not to be 
** streaked," and with care in using a camel's-hair brush, no 
streaks need be shown, so that the castings can be made 
nearly as smooth as if the blackening were sleeked, and the 
danger caused by sleeking can be avoided. 



DRYING A 8KIN-DRIBD MOLD. 

30. General Directions. — In drying these molds, 
considerable judgment is required, for a scheme that will 
work well with one mold may not answer for another. That 
method must be adopted which is best suited for the work in 
hand. For example, some molds, such as those for anvil 
blocks, etc., may be dried by setting a fire-pot in them as 
shown in Fig. 35, where the cope is shown being dried 
above the nowel. Sometimes the mold may be of such a 
form as to require a flat or square pan instead of this cylin- 
drical kettle here shown; and with some molds this plan will 
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not answer at all, because they are so shaped that kettles or 
pans cannot be used in them. These molds may be such 
that their surfaces can be dried by laying sheet-iron plates, 
perforated with small holes, over them, and placing a fire 
upon the plates ; but this is a plan rarely used where kettles 
or pans can be employed. 

The fuel commonly used in these appliances is charcoal ; 
the fire should be mild and steady, especially at the start, 
since too strong a fire is apt to blister the face of the mold. 
Sometimes the cope and the nowel may be dried together 
by having the cope propped up clear of the nowel, and then 
heating between them by means of fire on perforated plates 
or in pans. Again, the mold may be such as to permit of 
its being closed while being dried, the riser and gates being 
left open to let out the steam, as shown in Fig. 35. In the 
illustration the upright pouring gates are marked ^, the 
inlet gates ^' and e' ^ the riser /", the feeder F^ and the fire- 
kettle k. The dried crust c is shown shaded. 

Natural or artificial gas may be used for drying molds. 
The gas is conveyed to the mold in a rubber tube having a 
piece of gas pipe in the end, and then burned against the 
face of the mold. 

Green-sand cores or bodies forming the interior of molds 
are generally skin-dried by placing them in an oven and 
keeping the heat mild and uniform. To ascertain if a mold 
or core is skin-dried deep enough, it may be tested by cut- 
ting a small hole in the surface, or by pressing the surface 
with the fingers. The most difficult places to dry by means 
of kettles or pans are the corners of a mold, as at g^ Fig. 35. 
The sides of some molds might be baked and the binding 
material burned to ashes before the corners could be dried. 
To get the corners dry it is often necessary, after a kettle or 
pan fire has been taken out, to place hot coals or hot irons 
around in them to get them dry. It is here that the advan- 
tage of gas or hot air is apparent, as by either of them the 
heat can be directed to any given spot until it is thoroughly 
dried. 

Any one wishing to acquire skill in skin-drying molds 
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should begin on a small scale, as he is liable to make many 
blunders at the start. 

31. Gas Burner for DrylnK a Mold. — A good plan 
to follow when drying molds by gas is to substitute a Bun- 
sen burner for the pipe. The objection to using an open 
pipe burner in the foundry is that usually a ^-inch or ^^-inch 
pipe is used, which is not only wasteful of gas, but its flame 
deposits such a coating of soot on the face of the mold that 
comparatively little drying is accomplished. 

The burner illustrated in Fig. 30 has been designed and 
used for this class of work; it is also well suited for any 
work requiring a gas heater. As ordinarily 
constructed, the burner consists of a piece of 
^-inch pipe a, inches long, threaded at one 
end and screwed into a reducer f>, as shown 
in Fig. 30. The reducer has five ^^-'iich holes c 
drilled into it to admit air. More holes may 
be drilled if required, and if, on the contrary, 
* it is found that too much air is being fur- 

nished, some of them may be plugged up with 
wood or, better, by tapping the extra ones 
and putting in ^-inch screws. A i^-inch pipe 
about 2 feet long is threaded on one end and 
closed with a plug driven or screwed into it. 
A ^ij-inch hole drilled lengthwise through 
the plug e furnishes the right proportion of 
Fio, 38. gas to the burner. The plug e should extend 

at least ^ inch past the holes c. 

When constructed in this manner the burner may be 
used upside down or in any other position. It gives no light, 
but a great deal of heat. 



GATING A SKIN-DRIED MOLD. 

32> In satlnff skin-dried molds, the method that will 
induce the least friction between the flowing metal and the 
surface of the mold is, as a rule, the best to adopt. In 
Fig. 35 are shown two methods of gating that can be used 
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with a large variety of molds. With a gate like that 
marked e'^ the metal will flow in as shown by the arrow A. 
Such a gate as this will cause great friction between the 
metal and the face of the mold, and unless the whole surface 
fronting the inlet gates is nailed very closely, with the heads 
of the nails even with the bottom face of the mold, the cast- 
ing will scab fit that point. Instead of nails, strong cores 
may be used to form all the surface fronting the inlet gate, 
thus preventing scabbing at that portion of the mold. 

The best kind of gate to use for such work is shown at e' 
on the right of the illustration. Here the metal, on enter- 
ing the mold, will come up from the bottom, as at h\ and 
flow gently all over the face of the mold, causing little or 
no friction that might cause scabs. This form of gate is 
easier on the face of a mold than any other. It can be ap- 
plied to a large class of molds. The only objection to it is that 
it does not distribute the dirt created in the pouring runner 
and gates or that may come from the scum of the ladle. 
As a rule, all such dirt will collect in a body and stay float- 
ing right above the inlet h'. In molds having cores or pro- 
jections that will catch dirt and confine it in the parts 
especially requiring solid metal, this class of gate {e') would 
be undesirable. With an inlet gate as at e', the dirt is 
divided into fine particles and distributed to all portions 
of the casting, which, in some cases, may be preferable, 
even though there is a scab created in front of the gate. 



GATES FOR MOLDS. 



POURING GATBS FOR CATCHING DIRT. 

33. The gates shown in Fig. 35 are very apt to collect 
and hold the dirt in one spot, but there are methods in 
use that serve to considerably lessen the amount of scum 
or dirt passing into these gates. Fig. 37 shows some of 
these methods, which may be modified as deemed desirable. 
In pouring a casting with a system of dirt catchers 
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(commonly called sklmmlnK sates), such as in Pig. 37 (a), 
the metal first flows into the depression at d, filling it so 



that the core seen at // holds back much of the dirt or scum 
coming from the ladle. From (/comparatively clean melal 
should pass down e through ^ to /. In the plan (^) it 
will be observed that the connection g between f and /is 
led to one side of the latter so that the metal is given a 
whirling motion on enteringy, which causes the scum and 
dirt to rise up into/", and insures that comparatively clean 
metal passes through e' into the mold; c' here corresponds 
to the inlet gates e' and c' in Fig. 35. To make this form 
effective the inlet gale c', which leads the metal into the 
mold, must have a smaller area than either of the other 
openings. This is necessary so that the flow through c' will 
be "dammed" back and thus keep the risery full of iron. 
Keeping / full of iron causes the dirt to float on top of 
it; whereas, did the metal in it descend to the level of c', 
this dirt would then pass into the mold. 

The sizes of the various gates are given so as to afford an 
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idea of proportions that work well. The parts marked {other 
than those already alluded to) are m, the pouring basin; 
i, a core; r, the runner box; and F, the feeding head. 
With such a system of skimming gates, the under inlet 
gate e' , Fig. 35, can be used with very little risk of having 
much scum or dirt pass into the mold. If the molder de- 
sires to decrease his labor in making such a system, the 
core h and depression d can be omitted and a level bottom 
used, as indicated by, the dotted liney, Pig. 37. 

A study of Fig. 37 will show that intricate work is involved 
in this system; and that unless the molder exercises care 
and skill, there will probably be more dirt created by the 
sand washed from the corners and surface of the gates than 
would have flowed into the casting had there been but one 
straight gate and no skimming gates at all. 



HKIMMING GATES FOR MEniUM AND LIGRT CABTING». 

34. It may be stated here that skimming gates are 
arranged on the principle that all scum or dirt has less 
specific gravity than iron, for which reason it will float to 
the highest point that it can reach. In arranging skim- 
ming gates, some part is constructed to catch and hold the 
dirt as it rises to the surface of the flowing metal before 
it can enter the mold. The plan of skimming gates just 
described is for heavy castings; Fig. 38 illustrates a method 



suitable for medium and tight castings. In this the sand is 
rammed around two sprue pins to f<)rm a pouring gate c, 
and dirt riser /; a dirt-collecting channel g is then cut be- 
tween them. The higher and longer this channel^ can be 
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made, the better dirt collector it will be. The metal having 
passed g flows on through f' to the mold M. In flowing 
from the gate g to the mold M, the scum or dirt in the metal, 
as it rises, is caught and held in the upper part of the chan- 
nel g and dirt riser f. Sometimes the channel g is cut on 
a straight line to /, and sometimes on a curve, as at g 
and /, Fig. 37. If this is done properly, lumps of dirt 
should be seen whirling on the top of the metal in the dirt 
riser /, Figs. 37 and 38, and when breaking the channel g 



gpi^^ 



after the metal has cooled, dirt should be found in its upper 
part. 

It is often desirable to have skimming gates for light work 
arranged so as to save as much labor as possible. This may 
be done by using the appliance seen in Fig. 30 {a), which is 
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a small pattern so arranged that it can be rammed with the 
pattern in the nowel of small boxes or snap flasks. Two 
patterns or sprue pins are used to form the sprue e and 
riser f. When the mold is finished, the skimming gate 
should appear as seen in views {b) and (c), a small core being 
used as shown at h. The metal on being poured into the 
gate e, flows intoy, with a whirling motion, and in going 
to the mold passes under the core placed at A, whence it 
passes through the gate at the entrance /into the mold, as 
shown by the arrow. 

The advantage of this skimming gate is that it can be 
formed very easily by means of the core //, which is set into 
the mold after the skimming-gate pattern is drawn. This 
core, being arranged to settle deeply into the gate, causes the 
iron that enters the mold to be taken from the lowest point 
of the skimming gate, which insures clean metal going into 
the mold. It is a simple device, but very effective in its 
results. 



TOP-POURING SKIMMING GATES. 

35. Another form of skimming gate is that used in 
top-pourlntc, shown in Fig. 40. This is applicable to 
a great variety of 
work in both light 
and heavy castings. 
In constructing such 
gates, a pourlns 
basin m is made; 
the metal enters the 
mold through a gate 

or gates e. By a Fio« 

quick dash of the metal from the ladle at the start when 
pouring, and by then keeping the pouring basin full until 
the flow-off risers show that the mold has been filled, the 
dirt will stay on top of the metal in the pouring basin, leav- 
ing clean iron to pass into the mold. It is only when begin- 
ning to pour that dirt should have any chance to enter the 
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mold : and this is true to a greater or less extent of all forms 
of skimming gates. There are many forms of skimming 
gates, but those shown in Figs. 37 to 40 should be sufficient 
to indicate the principles involved. 



DIRT IN CASTINGS. 

36. After scum or dirt has entered a mold, it must 
locate itself somewhere. Its natural tendency, on account 
of having a less 
specific gravity 
than iron, is to rise 
to the top of the 
mold ; but there are 
conditions that 
I at times prevent 
this. When iron 
enters a mold, it 
rapidly loses its flu- 
idity, and for that 
reason if dirt drifts 
; to the side of the 
mold, it is liable, on 
account of the dul- 
""■ "■ ness of the metal, to 

stick there and let the metal flow over it. Again, molds 
often have projecting cores that, when the metal rises to the 
under side, catch the dirt and retain it. 

If we consider the case of cylinders or pipes cast horizon- 
tally, we shall find that the scum or dirt will lodge as seen 
at li. Fig. 41, and what passes this point will rise to the top 
and stay at J'. On this account it Is often necessary, if the 
inside is to be bored out, to leave extra stock for finishing 
at il. If the castings are columns for supporting buildings, 
or similar pieces, it would be wise to make them thickest on 
the top or cope side at d\ to allow for tlie weakness that the 
dirt might cause at that point. Even with the same amount 
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of dirt at ^and d\ and with the nowel and cope parts of the 
casting of the same thickness, the cope will be the weakest 
side of the casting, as there is less pressure at that point of 
the mold to make the metal solid. 



POURING BASINS. 

37. In making a mold there are few things that require 
greater care and skill than the pouring basin. Here the 
greatest amount of friction, rush, and washing-out effect 
of the metal is produced; and if the basin is not well made, 
it will be easily cut by the falling metal. If the basin once 
starts to cut, considerable damage may result before the 
mold is filled. A molder may slight the rest of his mold and 
yet have his castings come out so that they will pass inspec- 
tion, but any carelessness or ignorance in making basins, run- 
ners, or gates will cause trouble. In pouring a mold, the 
iron first drops from the ladle into the basin, from which it 
runs with more or less velocity into the upright sprues or run- 
ners, and from them into the gates that lead into the mold. 
With the exception of that portion of the mold into which 
the iron enters or drops, there is very little agitation of the 
metal as it gradually rises in a mold, compared to the rush 
and spattering that exists (more or less) in the pouring 
basin. When making these basins, extra care should be 
taken to see that the sand has been well mixed and riddled 
before it is shoveled into the basin box. The use of poorly 
tempered sand for making basins has often caused bad 
castings. Some molders shovel a little sand into the box 
to form the bottom of the basin and then tramp it with 
their feet or pack it with a rammer, after which they press 
sand against the sides of the box with their hands to give 
shape to the pouring basin; this is a very bad practice 
to follow. To make a reliable basin, the box should first 
be evenly rammed full of sand, after which the shape of the 
basin can be dug out with a shovel or trowel. The ram- 
ming will give a firm, solid body to the sand. The point of 
danger in pouring basins is at the bottom «, Fig. 37. Here 
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the force of the dropping metal has such a cutting effect 
that in the case of large basins, it is advisable to place a core 
at i; in some cases bricks may be used instead ; or again, 
green sand may be made to take the place of the core or 
bricks, by closely nailing the bottom where the iron will 
drop from the ladle, the heads of the nails being left even 
with the surface of the sand. It will be noticed that a well 
is formed around the core i, so that immediately after start- 
ing to pour, a body of metal will be formed into which the 
iron drops, and thus save the bottom of the basin n from 
receiving the full force of the dropping metal. In some 
cases the well at n can be made so deep that there will be 
no necessity for cores or bricks. However, it is well to 
secure this part of a basin as much as possible, for a sudden 
jerk of the ladle at the start (which often occurs) might 
prove very serious and result in the loss of the casting. 
There should never be less than 4 inches of good tempered 
sand between the bottom of the basin at n and the floor, or 
other bottom. In the case of very large basins, it is wise 
to have a cinder bed under them, as shown at C, Fig. 37. 

If wooden basin boxes are used, it is well to have their 
fronts nailed as seen at o, Fig. 37 (^), as the wash. of the 
metal striking the front of the basin has been known to cut 
away the sand and cause a bad casting. Another point to 
be carefully watched in making pouring basins is to avoid 
having water carelessly swabbed round the edges of the 
gates or the bottom portion of the basin, as this may start 
the metal blowing — and when this has once commenced, it 
is hard to tell when it will stop. Any boiling of the metal 
in the basin will create more or less scum or dirt that must 
follow the metal through the gates into the casting. 



CLAMPING AND WEIGHTING THE MOLD. 



LIFTING PRBSSURB OP MOLTEN MBTAL. 

38. When the molds have been closed, it is necessary 
either to clamp or iveigrht dow^n the copes, to resist the 
lifting: force of the metal. This is readily understood 
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when we consiilur that a liquid will support a body having 
a smaller specific gravity than itself. Sand is lighter than 
iron, and for this reason 
it will float on the surface 
of that metal, unless it is 
held down. The actual 
power required to hold 
rammed sand down de- 
pends on the height of 
the column of molten 
metal (that is, the head 
pressure) and the weight 
of the core or cope that 
is liable to be floated by 
the metal; the cope or 
™ core, like a ship floating 

on w.iter, will sink until 
it has displaced liquid 
iron equal to its own 
weight, when it will float. 
To make this subject as 
plain as possible, we will 
suppose that A in Fig: 42 
' is a tank instead of a 

mold, and has been filled 
with water to its top, as 
in view (a). If the block 
of wood B is placed in 
this tank, as shown in 
'- Fig. 43 (*), the water will 
' run over its sides until 
the block comes to rest. 
If the water that ran 
over the sides were col- 
lected and weighed, it 
" *"" would be found to equal 

the weight of the block B. In other words, this block, in 
coming to rest, sank to such a depth as displaced a body of 
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water equal to its own weight. If we desired to sink this 
block B to the level of the top of the tank, as in (r), suf- 
ficient weight would be required on the block to equal the 
additional weight of the water that would be displaced by 
the block sinking to the depth shown. Carrying this illus- 
tration still further, it might be desired to submerge the 
block, as in Fig. 42 {d). To do this, but very little additional 
weight would be required, because as soon as the block was 
just covered, the weight of the water above it would be 
practically the same as the extra amount displaced below 
the block. This experiment illustrates the principle in- 
volved in weighting down cores or copes, the principle being 
the same both for water and for liquid metal. The only 
difference between the two is that if the block B were a 
core submerged in liquid iron, more weight would be re- 
quired to hold it down, because iron has a greater specific 
gravity (or is heavier) than water. A cubic foot of pure 
water at a temperature of 00° F. weighs about G2J pounds, 
and a cubic foot of ordinary gray cast iron about 450 pounds. 



HITBIGHT RBQUIRRH TO HOLT) DOWN THB CORR. 

39. SubmerKcd Cores. — Suppose the liquid to be 
molten iron instead of water and that the cope a is placed 
on top of the mold; find the weight Jf^that would, by means 
of chaplets r, keep the core B from rising. The weight is 
computed in the following manner: assuming the core to be 
24 inches long, 9 inches wide, and 6 inches deep (and its 
ends to be free), its volume is 24 X 9 X 6 = 1,296 cubic 
inches. A cubic inch of cast iron weighs about .26 of a 
pound ; hence the weight of the iron displaced by the core 
is 1,296 X .26 = 336.96 pounds. The weight of the core 
itself is 1,296 x .06 = 77.76 pounds, .06 being the weight of 
a cubic inch of rammed sand. The buoyancy of the core 
is, therefore, the difference of these two amounts, or 
259.2 pounds, which is the weight required to hold the 
core from rising. 

If the core were supported by prints instead of being free 
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at its end, its additional length and the sand over the prints 
required to stop them up would still have to be deducted 
from the 259.2 pounds; but as the core in the present case 
is supposed to be held up by chaplets r, we have here only 
considered the length that is submerged. Having found 
the weight necessary to hold down the core, the next step 
is to find the weight of the cope. 



^VRIGHT RKQUIRRT) TO HOLH DO^VN THB COPB. 

40« Assuming the cope to measure 34 inches x 24 inches 
X 6 inches, its volume is 4,896 cubic inches, which multi- 
plied by .06 gives 293.76 pounds as the weight of the cope. 
This is for wooden copes and is accurate enough; if it were 
iron, we should have to find the weight of the sides and bars 
separately and then that of the sand and add them together. 

Having now found the weight required to hold down the 
submerged core, and also the weight of the cope, the addi- 
tional weight necessary to hold down the cope in connection 
with the core must now be computed. To do this, first find 
the area of the cope's casting surface; this is 24 inches x 
14 inches = 336 square inches. This area is multiplied by 6, 
the height in inches, of the head or gate, giving 336 square 
inches X 6 = 2,016 cubic inches. This result is multiplied by 
.26, which gives 2,016 X .26 = 524.16 pounds, the fluid pres- 
sure tending to force up the cope. From this weight de- 
ducting the weight of the cope gives 230.40 pounds as the 
weight necessary to hold down the cope alone. Adding to 
this the weight necessary to hold down the core, we have 
230.40 + 259.20 = 489.60 pounds, the total weight to be 
placed on the cope in Fig. 42 (^). 

41. Cores Partially Submerged. — There are cases 
where the cores are only partially submerged, their upper 
surfaces being in contact with the cope, as in Fig. 42 (c). 
In calculating the static pressure on such a partly sub- 
merged core, we have to compute the area of the lower 
surface of the core and also the area of that portion of the 
cope that has metal underneath it. Each of these is then 
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multiplied by the distance to the top of the highest point to 
which the metal may rise in pouring the mold. 

In the case of a core submerged as in view (r) and in- 
tended to be covered with a cope, as in view (^Z), the com- 
putation is as follows: The lower surface of the core has an 
area of 2-4 X 9 = 216 square inches. Multiplying this by 12, 
the height in inches from the bottom of the core to tlie top 
of the pouring basin, we have 2,592 cubic inches; which 
multiplied by .20 equals G73.92 pounds, which is the upward 
pressure on the core. From {c) we find that the width of the 
cope having metal in contact with it is 14 inches — 9 inches = 
5 inches; the portion of the cope surface in contact with the 
metal is, therefore, 24 X 5 = 120 square inches, which mul- 
tiplied by 6, the height of the cope, equals 720 cubic inches, 
and this multiplied by .26 gives 187.2 pounds as the upward 
pressure on the cope. This added to 673.92 pounds gives 
861.12 pounds as the total upward pressure. Deducting- 
from this the weight of the core and cope leaves 861.12 
— 371.52 or 489.6 pounds as the weight to be placed on the 
cope. 

MBTHODS OP COMPUTING ^VBIGHTS. 

42. Chart Method. — The weight required to hold 
down the cope and core may also be ascertained by the 
method shown in Fig. 43. Here we merely draw an outline 
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or chart of the form and sizes of the lifting surfaces, to- 
gether with the height of the fluid head. This done, we 
compute the cubical contents of the form thus obtained and 
multiply it by the decimal .26. The volume of such a block as 
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that in Fig. 43 is 24 X (U X 6 + 9 x 6) = 3,312 cubic inches, 
which multiplied by .26 gives a weight of 861.12 pounds. 
Deducting 371.52 pounds (the weight of the core and cope) 
we have 489.6 pounds as the weight to place on the cope, 
the same result as by the former method. This method of 
drawing a chart block of the lifting surfaces and calculating 
therefrom the weight to put on the cope is a very convenient 
one and is the one that is adopted when computations are 
made from drawings. 

43. General Rules. — To find the weight necessary to 
hold down submerged cores, etc., first compute the cubical 
contents of the space occupied by the core and multiply it 
by .26; then deduct from this the weight of the core. In 
other words, the lifting or static pressure on a submerged 
core is the number of pounds of iron it displaces minus the 
weight of the core. 

To find the weight in pounds required to hold down a 
cope: multiply the lifting surface of the cope by the height 
of the head above this surface and the product by .26. 

Where one wishes to compute the weight approximately, 
let him imagine a weight having a face like the lifting sur- 
face, and its sides extended up to the pouring gate, according 
to the scheme shown in Fig. 43. 

To find the static pressure on the sides of the mold : mul- 
tiply the height of the sides, measured from the top of the 
pouring gate to the center of gravity of the casting, by the 
decimal .26, and the result will be the pressure in pounds 
per square inch. 

To find the static pressure on the bottom of a mold : mul- 
tiply the bottom area covered with metal by the vertical 
height to the top of the pouring gate and by the decimal .26, 
which gives the pressure in pounds. 



BXTRA HITBIGHT RBQUIRBD ON COPB. 

44. While it is true that the foregoing rules for weight- 
ing down copes, etc. will give just the weights required 
under the simplest conditions, there are other conditions 
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affecting the results that must be considered and that will 
often demand more weight than that given by the rules. 
This is due to the fact that there is a moment when the 
metal comes up sudclenly against the lifting surface, in which 
a sudden pressure is exerted that is greater than that of the 
static head, the latter being merely the steady pressure that 
will be exerted by the liquid when at rest. When [Kturing 
a mold, it generally takes from 10 to 50 seconds (sometimes 
more) to fill it with metal, whereas when the mold itself is 
filled, the pouring gate may fill in less than a second, thereby 
obtaining a head pressure in a moment's time that, owing t" 
the suddenness of its creation, may in some cases be so great 
as to call for one-fourth to one-third more weijfht than the 
static-head pressure obtained by the rules just given. The 
higher the top of the pouring gate is above the cope's lifting 
surface, the greater will be this extra pressure. 

Then again, some molds will be poured with more than 
one ladle, and the more ladles used, the greater the pres- 
sure; this is owing to the increased pressure that metal 



Pio. «. 
flowing from the ladle directly into a gate, as at e, Fig. 44, 
can give. This increased pressure may be equivalent to 
that due to a head of one-fourth to one-third the height of the 
ladle's lips from the top of the gate. If the pattern is gated 
and poured as shown at r', less weight will be required to 
hold down the cope. There are other conditions that might 
be discussed, but enough has been said to indicate the variety 
that exists. 
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45. In addition to the weight rendered necessary by the 
head pressure, extra weight is required to allow for the 
momentuin lift caused by the sudden stopping of the in- 
flowing iron at the moment the mold is filled. The amount 
of this depends, briefly, on the character of the pouring sys- 
tem, the speed of pouring, the number of ladles, and the 
square inches of lifting area that the metal will suddenly 
rise up against, as well as the height of the pouring gate or 
flow-off risers above the face of the cope's lifting surface. 
Enough has been said to demonstrate the wisdom, and often 
the necessity, of placing more weight on a cope than is called 
for by the head pressure, and the molder must exercise good 
judgment in weighting down his copes. 



DULLr IRON AFFBCTS THB LIFTING PRESSURE. 

46. The lifting force of the molten metal depends in a 
measure on whether it is hot or dull. If the metal is dull, 
in most cases it will exert less pressure than if it were hotter 
and therefore more fluid. On the other hand the duller the 
iron is, the more apt it is, in molds having risers or flow-off 
gates, to have its pressure approach that due to the pouring 
basin's height, which is generally higher than that of the top 
of the risers or of the flow-off gates. Often the metal will 
** freeze " at the entrance to the risers, or it may come up the 
risers so sluggishly as to retard the flow of metal out of them 
and so cause the head pressure to approach that due to the 
height of the pouring basin. In the case of thin castings, 
if the metal is dull enough to freeze in the risers, it is not 
very apt to exert a great lifting pressure upon the mold. If, 
with thick castings, the risers or flow-off gates should freeze 
up or flow sluggishly, there will be exerted a lifting pressure 
due to the full height of the pouring basin's head. 



COMPUTING THB STATIC, OR HBAD, PRBSSURB. 

47. Some molders compute the head pressure on the 

cope by taking the height from the top of the riser or flow-off 
gate, the top of which is often located 4 to 6 inches below 
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the Icvt] of the top of the [touring bat^ins or gates. This is 
rarely a safe jiraclice, as risers or flow-off gales may solidify 
or Ix; blocked up so that the metal cannot fl<iw freely through 
them. If it were always p<)ssible to count on having hot iron 
and enough room in the risers or flow-off gates to carry off 
the metal as fast as it could be poured into the mold, the 
height of risers would then, as a general thing, determint 
the pressure. Nevertheless, the safe plan is to figure from 
the highest iHiint it is possible for the metal to reach in the 
pouring gates or risers, and then allow extra weight on the 
cope. 



nreiGHTS FOR HOLDING nOW^N COPBS. 

48. In weighting down molds, many founders use pig 
iron piled in separate pigs on the cope, or else place the 
pigs in stout wrought-iron 
rings, to be hoisted into 
position by a crane. 
Others, improving on this, 
cast bars ranging from 
1,000 to 2,0110 pounds in 
weight and from 3 to 6 feel 
in length, with hooks cast 
in them for convenience 
in handling with a crane. 
Other foundries preserve 
bad castings or take lumps 
of heavy scrap iron for 
flask weights, and handle 
them in the best way they 
can. When flask weights 
are required, it will be 
found to pay in the end to 
have them as handy in 
form and size as is procura- 
ble. This refers to weights 
for medium and large cast- 
ings. Light- work shops 




§36 



FOUNDRY WORK. 



53 



require weights for snap flasks, etc. These are generally 
made about 1^ inches thick and of a size to cover the 
entire surface of the cope, if they are not burdensome for 
one man to handle. These weights generally have holes 
in their centers and outer corners for pouring through, 
as shown in Fig. 45, which shows a section of a weight and 
snap-flask mold. The under surface of these weights should 
be as smooth and true as they can be cast. It is rare that 
a snap flask requires more than one such weight as shown 
at w upon it. 

CLAMPS FOR FLASK. 

49. Types and Their Use. — Shops that do much 
"roll-over" work should have a number of clamps, ac- 
cording to their several needs. These clamps are made both 
of cast and pf wrought iron and should be made as handy 
in size and form as conditions will permit. Clamps of the 
forms generally used in rolling over nowels and in holding 
flasks together when a mold is being poured are shown in 
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Figs. 46 to 48. Many patents have been taken out for im- 
provements in clamps, the chief features being that their 
length can be changed or they can be used without wedges. 
In clamplns a flask preparatory to casting, it is not safe 
to drive in wedges with a hammer, as this may jar the cope 
and cause the sand to drop. As a rule, flasks should be 
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rlam|>c<l by means of a "clampini^ iron/* as at r, r', Fivj. 4»;. 
The clamjjinj^ irons are made with wedge-shaped f>«.»inis, s** 
as to enter the small openinj^s between the cuj)e and clamp 
and to jjive gf}*A leverage in either direction, as shown by 
the arrows. These clamping irons are, as a rule, made of 
old files, the fKiints of which are turned up and sharpened. 

In Fig. 47 are shown a wro^ight-iron clamp {a) and a cast- 
iron clamp (^), such as are commonly used for clamping 

flans^ed flasks, 

as shown in Fig. 48. 
Such flasks are gener- 
ally used for dry-sand 
molding. Cast-iron 
clamps are usually ta- 
pered on the inside 
to permit of their be- 
ing molded, the taper 
being shown, some- 
what exaggerated, at /, Fig. 47 (/;). In placing clamps on 
the flanges, they should be set so that the wedge will enter 
them at their largest side, as at c. Fig. 48, which shows 
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the wedge iil)()Ut to enter the space between the chimp and 
the flange of the iron flask; when driven, it should appear as 
at (/, 

One will often find molders trying to clamp flasks by 
driving wedges at the top of the clamps, as seen at «'. This 
is wrong, for by trying to drive a wedge in at the top, the 
weight of the clamp must be lifted, and in doing this a con- 
stant jarring takes place, making it difficult to get the 
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clamp to a solid bearing. Not only is it difficult to tighten a 
clamp by top wedging, but it also requires much more time. 

50. Strcngtli of Clamp. — Where the work is such 
that the clamps have to resist heavy pressure, as in the case 
of casting rolls, pipes, etc. on their ends in dry sand, the 
-wrouglit-iroii clamp should be given the preference, as 
cast-iron clamps are not to be relied on in such work. 
Owing to cast-iron clamps breaking, castings have often 
been lost and men burned. 

The proper thickness for clamps can be obtained by figur- 
ing the pressure on the flasks to be held together, and then 
deciding the distance apart that the clamps will be set along 
the flange of the flask. Knowing this, and allowing a stress 
in the clamp 15,000 pounds per square inch for good wrought 
iron and 5,000 pounds per square inch for good cast iron, one 
can form a very good idea as to the proper thickness for 
clamps. 

FLOORS FOR HOLDING DOHITN COPB8. 

51. Many foundries handling a standard class of work 
that can be bedded in have a large part of their floor area 
dug to a depth of from 3 to 6 feet, according to their require- 
ments, and then place iron beams or binders in the bottom 
of the pit about 3 feet apart. A plank flooring is formed 
over the top of these binders; from the ends of the binders 
wrought-iron straps or bolts are run up to the level of the 
floor. This pit is then solidly rammed with sand to the 
level of the floor, after which the holes are dug out for mold- 
ing the patterns. The molds are made after the usual 
manner, and binders are placed across the top of the cope 
directly over those in the bottom of the pit; after which, 
bolts are extended from the top binders to connect with 
those extending from the bottom ones, and the cope is bolted 
down in such a mapner that the bolts will have to be broken 
before the cope can be raised by any pressure that might 
come on it. The practice of using these bolting-down floors 
instead of weights is a good one. 

5. VoL IV, —20, 
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CHAPLETS. 



TYPES IN GENERAL USB. 

52. Cliapl«t8 are used to support or hold down cores 
that, owing to their shape, are not self-supporting when 
placed in the mold. There is a large variety of such chap- 
lets in use; those shown in Fig. 49 are called sln^le- 
lieaded cliaplets, those in Fig. 50 are called double- 
headed ctiaplets. Fig. 51 (a) is a sprijig chaplet ; {J}) is 
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a combination of chaplet and stand^ a scheme often used to 
save labor and time in setting chaplets. The stand can bo 
set in the nowel under the pattern when it is being rammed 
up, and then when finishing the mold, the chaplet is set in, 
as shown; see ^, Fig. 52. Often iron cross-bars in both 
nowel and cope have knobs cast on them into which holes 
are drilled to permit chaplets being inserted after the man- 
ner shown in Fig. 51 {b). The chaplet (a) in the same 
illustration is made of a piece of steel or iron that can be 
pressed together and then allowed to spring back to the 
desired form. There are places where these chaplets are of 
special value. 
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In Fig. 49, chaplet {a) is made of 
round iron, cut to any desired length 
and having a solid head, as seen; (Ir) 
is a chaplet stem, on which, at the 
head o, any size of plate may be riv- 
eted. Often larger heads than can 
be forged upon a chaplet, as in (a), 
are required, and such stems as {b) 
permit their being placed on; (c) 
shows a stem with such a head q 
riveted on. There are times when 
the pressure will be so heavy on a 
chaplet, or when the cores may re- 
quire a large bearing surface, that 
the plate y, chaplet (c), is better if 
reinforced by a back plate, as at q', 
chaplet (c). Chaplet {d) illustrates 
how a sharp point p is sometimes 
necessary to permit its being driven 
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into bottom boards, wooden blocks, etc. underneath the 
surface of the mold, as seen at A, Fig. 52. In driving sucli 
chaplets, it is only necessary to go to a depth of ^ inch 
to } inch, as beyond this depth the pounding is liable U* 
drive down the block or to jar the board and loosen parts 
of the mold. Turning now to Fig. 50, {a) is a double-headed 
chaplet stem, of required length, so that plates of any size 
may be riveted to them, as shown at (fi). Double-headed 
chaplets often have to be fastened to the surface of the 
mold or core, so that any jarring of either may not move 
them; this is done by making the chaplet with a sharp 
stem/, as seen in (r). These sharp stems are driven into 
the face of the mold ; they seldom require to be more than 
} inch long. An inspection of chaplet (r) will show that 
the heads q and q* are placed on after the stem has been 
made and that the top head q is riveted on. (^) is a 
double-headed forged chaplet, while {/) is a cast-iron one. 
Cast-iron chaplets can often be used, but care must be 
exercised not to place them where they will be struck by 
the stream of metal from the pouring gates, as they melt 
more readily than wrought iron ; in fact, this is a point that 
must be guarded against in the use of all chaplets, as many 
castings have been lost because molders have thoughtlessly 
set chaplets in front of gates that will have large bodies of 
metal flowing through them; or, again, the quantity of the 
iron may be small, but yet be so hot as to easily melt the 
chaplets. 

There are several firms in this country making a spe- 
cialty of manufacturing chaplets, especially those shown 
at (a), {Jb), (r), Fig. 41), and [a), (b), and (dT), Fig. 50, and 
they can be purchased at a much less cost than any person, 
requiring only a few, can make them. 

Fig. 50 (/) shows an adjustable chaplet^ a very conve- 
nient appliance where odd lengths are needed. It con- 
sists of a stud or stem s^ made by threading stock of the 
required size in the screw machine and cutting them to 
the most convenient length. Ordinary cast-iron washers r 
are drilled and tapped to suit the threaded stem s. An 
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adjustment ^ inch or less may be made with the wash- 
ers r, while a variety of lengths of stems permits the 
making up of any size. The stem here shown is f inch 
in diameter and the washers 2^ inches. 



PRBCAUTIONS IN USING CHAPLBTS. 

53. Chaplets are generally ** necessary evils," since 
wherever they are placed, they are very apt to weaken the 
casting at that point more or less. They may do this in 
three ways: First ^ by breaking the uniformity of the metal 
of the casting by the introduction of some other substance 
at the point occupied by the chaplet; second^ by working 
loose and leaving holes in the castings, generally caused 
by blowholes being around them ; thirds by causing porous 
or unsound metal to form around them. The first of these 
evils cannot be avoided; but by good design and care in the 
making and use of the chaplets, the second and third evils 
can be greatly decreased, and in many cases almost wholly 
avoided. In regard to the second evil, chaplets should be 
nicked or have depressions made in them, as at «, 
Fig. 49 (^), or else have burrs on them, as seen at w, 
Fig. 49 {a), (*), and (c). 

Some molders, in making the stem, avoid the heavy 
shoulder t shown in Fig. 49 (^) and make the stem suffi- 
ciently large to give a good bearing to the head q in (r), 
as shown in Fig. 49 (^) and (r). Some persons cut a thread 
on the part of the stem that is cast in the metal, even in the 
case of chaplets that have fixed heads. This scheme is used 
also in making double-headers, as in Fig. 50 (^), and in such 
cases a thread will be cut the whole length of the stem and 
the heads screwed on, as in Fig. 50 (/"). The screw stem 
has an advantage in another way, as the cutting of the 
thread removes all scale or rust from the surface of the 
stem, and this is very important, as any rust on the chaplets 
may do great injury. 
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RUST ON CHAPLBTS. 

64. There is always more or less rust or scale adher- 
ing to the surface of both old and new chaplets. As much 
as possible of this should be removed from the parts that are 
cast in the metal. When molten metal comes in contact 
with rust, a gas is created. It is calculated that 60 grains 
of dry rust will make 31 grains of carbonic-oxide gas, which 
at 2,800° F. (the temperature of molten iron) and the pres- 
sure of 1 atmosphere will occupy about 600 cubic inches 
of space. It does not require a very large piece of iron to 
give 60 grains of rust. The space that the gas occupies de- 
pends on the pressure; and the amount of harm it can do 
depends on the rapidity with which the metal solidifies and 
thus prevents the gas escaping. BlowhoJes are rarely found 
around the chaplets in the lower part of a casting; it is in 
the upper part where there is very little pressure during 
the pouring that they occur. The part of a mold where 
the greatest pressure exists is usually the first to be filled, 
and the iron is also hotter and cleaner there than at the top 
of the mold. If, for any reason, the chaplets at the bottom 
should cause the iron to boil or blow, the gas will generally 
escape upwards through the metal and out at the top of the 
cope sand or out of the flow-off gates. 

Chaplets may be free from rust when placed in the mold, 
but if kept there for two or three days before the mold is 
cast, they are very apt to become rusty, especially if the 
mold is a green-sand one. There are varnishes that can be 
used to prevent their rusting, and these will be dealt with 
farther on. 



MOISTURB ON CHAPLBTS. 

55. A piece of polished iron, if exposed to moist air or 

otherwise moistened, soon becomes rusty. This is due to the 
affinity that iron has for oxygen. Under certain conditions, 
polished iron can be kept free from rust by keeping it in a 
dry atmosphere. Take polished iron from a cold room into 
a warm, moist one and it will not be long before rust will 
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be formed upon it — an effect caused by the cold iron con- 
densing upon its surface whatever moisture there may be in 
the air immediately surrounding it. The more rust there is 
on iron, the more moisture it will collect; and on chaplets, 
this moisture can do greater injury than rust. To test this, 
take a rusty rod and heat it sufficiently to dry all its mois- 
ture, after which place it quickly into a ladle of molten iron. 
The metal will be found to bubble around the rod, more or 
less, but it will not fly out of the ladle, as it would if there 
were moisture on the rod. The steam that the moisture on 
chaplets creates may cause a great amount of bubbling or 
blowing, as can be seen by quickly immersing a damp rod 
in a ladle of iron. 

The best thing that can be done to prevent chaplets from 
becoming rusty and collecting moisture is to tin that portion 
liable to be encased by the metal. Coating the iron body 
with tin not only prevents the oxygen or moisture from 
attacking the iron, but it has an affinity for iron that makes 
the iron more fluid when in a molten state, and this greatly 
aids the release of any gases that might be created around 
the chaplets. 

Where chaplets are not tinned, many molders cover their 
exposed parts with a coating of red lead mixed with turpen- 
tine. Asphaltum, coal tar, and chalk are often used as a 
coating. Where there is much moisture, these materials 
may collect sufficient dampness to cause injury, but not to 
such an extent as rusty chaplets. 



8BTTING AND WEDGING CHAPLETS. 

56. There are few things more annoying than to see 
castings lost by thoughtlessness or ignorance in settlngr 
and wedffins chaplets. Chaplets are generally set into 
a cope by first passing a ^-inch rod or vent wire up or 
down through the cope at the spot where it is desired to 
place the chaplet. If the chaplet is larger than i inch, then 
a i-inch vent wire or rod is passed through the hole made 
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by the J-inch rod, and so on, increasing the size of the rods 
according to the size of the chaplet stem, the idea being to 
gradually enlarge the hole for admission of the stem without 
applying much pressure. After the stem has been pressed 
through the body of the cope, it should then be pulled out 
and the hole reamed out at the face of the mold, as seen 
at c. Fig. 53, Many molders having failed to do this when 
pressing down the chaplet to a good bearing on the core, or 



in wedging it down to place, have caused the face of the 
mold around the bottom of the stem to be pulled down, as 
at </, thus resulting in the loss of the casting. 

After the chaplets have been set and the cope closed, some 
molders drive in wedges with a hammer to fasten the chap- 
lets, as at r. This results in displacing the chaplet, as shown. 
, The chaplet should be placed solidly upon the core A and 
then wedged down as shown at _/". Then again, some mold- 
ers in fastening down cores having slanting surfaces use 
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chaplets having the head at right angles with the stem, as 
at g. Where the surface of the core is slanting, the heads 
of the chaplets should be set on the stem at the same angle 
as that of the core; care should be taken that the slant of 
the head and core agrees, so that they may come solidly 
together when the cope is closed, as at h. 



BLOCKING ON TOP OP CHAPLBT8. 

57. Very often the chaplet stems will require some 
blocklnflr on top of them, as at 5, Fig. 52, before wedges 
can be used. Where this is necessary, care must be exer- 
cised in making sure that the blocking is over the center of 
the stem and also that there is sufficient space to use the 
wedges 6, While it is often necessary to use blocking, 
there are many cases where its use can be avoided if judg- 
ment is used in placing the rails, in weighting down the 
binder B^ and in getting the chaplet stems the right length. 
Holders often leave the chaplet stems sticking up from 
3 to 6 inches above the top of the cope; and sometimes 
they leave them from 1 to 3 inches below this same level. 

Lack of system and judgment in some molders will cause 
them to use from 100 to 200 pounds of small pieces of block- 
ing to fasten down a half dozen chaplets, where other men will 
do the same work without a pound of blocking. The fewer 
pieces of blocking that are placed between the weighting- 
down binders or rails and the wedges necessary to fasten the 
chaplets, the better it is for the safety of the mold. In 
many cases, with forethought and judgment the chaplets 
can be cut to such a length and the binders can be so ar- 
ranged as to avoid the necessity of using any blockings 
between the top of the chaplet stems and the bottom of the 
weighting-down binders. Where this is possible it should 
be done; and in allowing space for wedges between the top 
of the chaplet stems and the bottom of binders, it should 
range from -J- inch to f inch in depth. Before wedging the 
chaplets, the weights necessary to hold down the cope should 
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be placed upon it, as ail the binders, etc. will sprlns more 
or less when weighted ; and if the weights are placed after 
the chaplets are wedged, this springing may drive the 
chaplet heads into the face of the cores and cause damage. 
Just before pouring a mold having chaplets, it is good prac- 
tice to go over it to test the wedges, as it is not uncommon 
for them to work loose in a little time after they have been 
tightened. 



PLACING CHAPLETS IN BOTTOM OF MOLD. 

58. It is as important to have chaplets rightly set in the 
bottom as in the top part of molds. A great number of the 
chaplets used in the bottom of molds are driven into the bot- 
tom boards or into wooden blocks. Where wooden blocks 
are used to support cores of any great weight, they are best 
made of hard wood, set with the grain up. In driving the 
points, as at b and /', Fig. 52, the molder must use his judg- 
ment as regards the proper distance, taking into considera- 
tion the size of the chaplet stem, the weight of the core, 
and the nature of the block. 

Some molders lose castings by the manner in which they 
set bottom chaplets. The block /r, Fig. 52, is apt to split 
for two reasons: first ^ because the chaplet has been driven 
in too far, and, second^ because the point is near the end 
of the block. The block b shows the proper practice in 
these respects. Where points are driven as at /', castings 
are very liable to be lost through the settling of the chaplet 
into the block. Even if the core's own weight does not do 
it, the wedging down of the top chaplets when the cope is 
closed will probably do so. A fine wire should be pressed 
through the sand to find the end of each block, so that 
when the chaplets are being driven one may know how near 
they are to the center of each block. The head of the 
chaplet / is shown in such a position that it makes an angle 
with the core and having but one edge touching it. It 
is as important to have bottom chaplets properly set as 
top ones, for it can readily be seen that if a core does not 
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set solidly on the chaplet, as at w, much risk is taken. At a 
is shown a chaplet placed in a stand, the appliance illus- 
trated in Fig. 51 (b). These stands are very good for some 
classes of castings, as, for example, in cases where it does 
not matter if the face of the casting is chilled a little at and 
around the spot of the chaplet connection. By placing 
sand in the bottom of the hole admitting the chaplet*s stem, 
any variation in the thickness of the metal can be ar- 
ranged for in setting the chaplet. 



^WBDGBS FOR SBTTING CHAPLBTS. 

S9. In making wedges either of wood or iron, it is best 
to make them of as easy a taper as practicable. The 
greater the taper is, the more difficult the wedges are to 
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fasten and the more liable to work backwards from the bear- 
ing when tightened. The wedges shown in Fig. 53 repre- 
sent what is considered good practice. They can be fastened 
without much danger of their being loosened by jars when 
other wedges are being driven. Wedge {b) is generally 
used for resisting great strains and to partly take the 
place of blocking; it can be made of any size to suit the con- 
ditions of the work. The quick-tapering wedge {a) is the 
one most commonly used, and the dimensions given can be 
applied to either cast-iron or wrought-iron wedges. 
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<< DRAWING DO^^N" OF THE COPE. 

00« The phrase draiw^ing: doi^-n of tlie cope is ap- 
plied to copes whose surface sand drops down upon the 
metal as the mold fills up. This is caused by the heat of 
the metal drying the surface of the cope; if the sand in the 
latter is not of such a nature as to bake solidly to the depth 
penetrated by the heat, and it does not hang well when one 
part is drier than another, then the sand will often drop upon 
the metal in small quantities and cause lumps and dirt holes 
in the upper surface of the casting. Not only does this con- 
tingency depend on the nature of the sand, but also on 
whether the mold is kept air-tight or not. With strong 
sand in the cope, some molds may be ca.st with their feeders, 
risers, etc. all open, and no injury will occur to the casting; 
while, with other grades of sand, if this were done, the whole 
surface would be drawn down. It is chiefly with such cast- 
ings as thick plates or heavy blocks, where the cope surface 
is exposed to the direct heat of the metal from the moment 
it enters the mold until it comes against the upper surface, 
that difficulty is experienced by drawing down. Any part 
of the cope's surface that is exposed for ^ minute to the 
direct heat of rising metal should have a strong grade of 
sand for the first 1 ^ inches of the surface sand and in addi- 
tion should be closely gaggered, with the sand not more 
than f inch thick imder the gaggers. In ramming the first 
course of sand in such copes, it should be evenly and firmly 
done; and the weaker the sand, the harder should be the 
ramming. 

When the sand is weak, it may be strengthened by mixing 
flour with it or by wetting it with clay wash, and sprinkling 
it well with molasses water or beer after the surface of the 
mold is finished; in fact, it is well to do this with even 
strong grades of sand, where they are expected to be 
exposed to the direct heat of the metal for more than 
A minute. Use 1 part of flour to from 15 to 25 parts of 
sand according to the strength of the latter; the weaker the 
sand, the more flour is necessary. In some cases where the 
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copes are to be exposed to intense heat, as in very thick 
plates or anvil blocks, it is often advisable to nail all the 
surface between the gaggers, keeping the nail heads either 
even with the face of the cope and covered with blackening 
or else ^ inch away from the surface and covered with sand 
and blackening. In venting green-sand copes that are 
liable to be drawn down, the vents should not be carried any 
closer than within 1 inch to 1^ inches of the surface, since, 
if they are carried close to the surface, they will permit the 
escape of gases and relieve the pressure against the face of 
the cope. 

Not only does drawing down occur in green-sand copes, 
but also in dry-sand and loam copes or covers. Both weak 
and strong sands are used in these latter molds, as well as 
in the green-sand molds, and where there are heavy bodies 
of molten metal directly under the copes, dry-sand and loam 
mixtures require to be strong also, or else drawing down 
will occur, as in green-sand work. 



PRESSURE OF GASES IN MOLDS. 



GBNBRAL REMARKS. 

61. There is a great deal of difference in the practice of 
molders in leaving the feeders and risers open or closed 
while casting. It is seldom injurious to any large mold to 
cast it with all its risers and feeders closed perfectly air- 
tight. Molds that are liable to have the copes ** drawn 
down," or in which the rushing of hot gases upwards 
through the risers will have a tendency to draw the gases 
from the vents in the bottom, should be cast air-tight as far 
as possible. The rush of hot air and gases through open 
risers has a tendency to divert the gases generated in the 
bottom of the mold from going downwards, causing them to 
pass up through the under surface of molds and producing 
scabs on the bottom of the casting. This rush also relieves 
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the mold of the internal air pressure that exists when the 
mold can be kept air-tight; and this pressure is often suffi- 
cient to prevent weak grades of sand from being drawn 
down from the surface of the cope. 

Air is like ail other gases in that it expands with an 
increase of temperature. At a temperature of 500° F., air 
has about double the bulk that it has when at 0° F. The 
temperature of the air and gases in a mold is perhaps about 
one-half that of the rising metal; it may safely be taken as 
at least one-third. This means that the air and gases in a 
mold will have a temperature of G00° to 1,000°, and that 
the gases in a mold having open risers would be increased in 
volume to two or three times as great as before the liquid 
metal commenced filling the mold. In an air-tight mold 
this would cause the pressure of the air to increase with its 
temperature. In other words, the air in a mold before 
casting was begun would have the pressure of the atmos- 
phere, which is about 14f pounds per square inch, but by in- 
creasing the temperature, the pressure of the air and gases 
in an air-tight mold would increase from 2 to 4 pounds 
per square inch over the atmospheric pressure. Such a 
pressure at the face of the mold is very effective in pre- 
venting the surface of the cope from drawing down, and 
also prevents the gases from rising upwards in the lower 
part of the mold where they might cause scabs, or worse 
still, start the mold blowing. In casting small molds the 
risers can often be kept open without injury; this is also 
true in dry-sand and loam molds that have solid faces 
with little cope surface exposed to the metal. Aside from 
these, all risers and feeders should, as a rule (espjecially in 
heavy green-sand work), be closed air-tight and weighted 
down so that any increase of gaseous pressure cannot lift 
them. 

Where risers are left open in any mold, they should 
be sufficiently large in area to allow the expanded air and 
gases to escape freely, as air rushing through these pas- 
sages is apt to do damage by cutting away the sand around 
them. 
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COVERING THB PBBDING HEADS AND BISBRa. 

62. When covering the feeders and risers, as at « and o. 
Fig. 54, care should be exercised, as the least opening leaves 
room for the air and gases to rush out, and this would con- 
tinue to increase the area for escape as long as the mold was 



being poured. In placing covers on the feeding heads, as 
at n. Fig. 54, the covering plate / should have a good 
bearing over the top of the feeder box or projection, and 
to insure a tight joint, flour paste, parting sand, or dry 
flour is put around the opening for the covers to press 
upon. Flour paste is the best, and should be used for all 
heavy castings or work having cope covers or projections 
where the liberation of compressed air or gases might cause 
scabbing or blowing of the molds. After the feeding heads/'" 
are covered, they siiould be weighted as at w. The com- 
bined weiglit of the cover and weights placed on feeders or 
risers should be estimated according to the liability of the 
mold to have a high temperature of the air and gas inside it; 
this point must be left to the judgment of the molder. It 
is always best to have more weight on /> than is really neces- 
sary, for an excess of weight can do no harm. Where 
feeders or risers are not more than 2^ inches diameter, balls 
of clay are often used, as shown at s. These balls of clay 
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should be of such consistency as to hang together well. In 
some cases it is well to stick a rod in the ball of clay, as seen 
at /, and to have handles on the cover plates, as at u. 
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BLOWHOLES. 

63. In pouring a casting with very dull iron, it is some- 
times advisable, where there is not too great a danger of the 

cope drawing down or 
the gases working up- 
wards from the bottom 
of the mold, to leave 
some risers open, as 
too close confinement of 
the air and gases may 
cause blowholes in the 
thinner parts of the cast- 
ing. Castings are fre- 
quently found to have 
what are called ** shrink 
holes '* and ** blowholes. " The latter is generally a hole hav- 
ing a smooth surface and is rarely larger than would hold a 
teaspoonful of water. Castings may be so full of blowholes 
as to look like a honeycomb. 

Blowholes, whether in large clusters or found singly in 
different parts of a casting, are caused by the gas or steam 
(generated from the moisture in the sand, facings, etc., 
that composes the mold) endeavoring to escape, but being 
caught by reason of the dulness of metal, which solidifies 
before the gas can pass out entirely. One may expect blow- 
holes in any casting where the cores do not vent freely, or 
where the mold, from any reason, may cause the metal to 
kick or blow. Where the metal kicks or blows in a mold, the 
formation of blowholes may often be prevented by flowing 
metal through the risers. This is especially effective where 
the inlet gates carry the metal to the bottom of the mold, 
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and flow-off gates or risers are placed at the top. Where 
hot metal fills a mold that blows or kicks and is slow in 
solidifying, the gases may free themselves without much 
flowing of the metal through the risers. 

There are two kinds of blowholes: one is found in the in- 
terior of castings, as at ;r, Fig. 55; the other is found on the 
exterior, as at w and y. These exterior holes are more 
often found in the form of indentations, as at zik Such a 
formation on the bottom of a mold or casting is caused by 
the heat of the metal drawing the gases to one spot — as 
when there are several vents leading to one main vent, or 
where there is a softness in the mold at that point. Or it 
may be that there is a hard spot in the face of the mold, 
and the gases, not finding relief downwards, try to pass 
through the metal and are caught and imprisoned by the 
solidifying iron. 

The form of blowhole seen at y^ Fig. 55, is generally 
caused by gases passing from the bottom of molds or cores 
upwards through the metal in an effort to escape through 
the cope surface ; but if there is a damp or hard spot in the 
surface of the cope, it will chill the metal and form a thin 
crust through which the gases cannot escape, and being 
unable to go any farther they will be imprisoned and form 
the hole shown. Such holes as at j are chiefly found in thin 
castings, ranging from |^ to 1 inch in thickness; in such 
cases the cope exerts a greater chilling effect than it can 
where there is a thick body of metal. Often the surface of 
a light casting appears solid until one passes a scraper over 
it, when, from the sound made, hollows may be detected; 
on breaking the crust, it will be found that these hollows or 
indentations are generally of a very smooth character, which 
shows that they were formed by imprisoned gases. A rem- 
edy for this is to have vents in the bottom of the molds of 
such character as to pass off the gases freely in that direc- 
tion, and also to guard against copes having wet or hard 
surfaces. The drier the sand can be used and the softer it 
is rammed at the surface of copes covering thin castings, 
the better. 

S. Vol IV.— 21. 
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SHRINK HOLES. 

64. A slirtnk liole differs in appearance from a blow- 
hole in that the former generally has a rough surface while 
the latter has a smooth one. The shrink hole generally 
looks as if a body of metal, of the same form as the hole, had 

been torn out, leaving a very rough open- 
grained fracture. It is caused by the 
parts that are the first to solidify shrink- 
ing and drawing metal from those that 
solidify last. This is due to the pecu- 
liarities in the cast iron that cause expan- 
sion at the moment of solidification, before 
contraction takes place, and also to the 
fact that thin or exterior portions solidify 
with a closer grain and possess higher 
combined carbon and a greater specific 
gravity than interior or heavy parts, even 
when poured from the same ladle of iron. 
The harder the iron the more noticeable 
will be these conditions. With very soft 
grades of iron little difficulty will be expe- 
rienced from shrink holes, unless the castings are heavy. 
Where the iron is hard, either high in combined carbon or 
low in graphitic carbon, the shrinkage will always be great 
compared to that in soft iron. This is so true that, unless 
hard iron castings are very carefully proportioned, consider- 
able shrinkage may be expected in the parts that are the last 
to solidify, unless these have been provided with feeders 
through which compensation for the shrinkage is made with 
good hot metal. This point is well shown in Figs. 56 to 59. 
Molders are sometimes held responsible for shrink holes 
that it was impossible for them to avoid. For example, 
consider Fig. 5G, which shows a section of a casting having 
a light body at b connecting two heavy ones, as at a and c. 
It is evident that the lighter body b will solidify before the 
heavier ones a and c. This means that such a piece, if cast 
in a vertical position, will probably have shrink holes at d. 



Fig. 66. 
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The reason of this is that after the light section b has 
solidified, the outer portion of c will, in order to get iron 
to supply its shrinkage, draw metal from the portion that 
was the last to solidify, and there being no means of reach- 
ing this part with additional metal, cavities at d are formed. 
The holes e occur near the upper end of the casting, instead 
of near the light section ^, owing to the fact that the metal 
commences to solidify at the bottom and then gradually 
works upwards until the whole body is solid. The heat in 
escaping from a casting radiates upwards more freely than 
in other directions, and, hence, the topmost bodies are kept 
hot the longest. The holes at r, in the upper end of such a 
casting, can be prevented by having a feeder f through 
which, after the casting is poured, additional metal may be 
fed to replace that taken away from the portion at e. The 
only way to prevent holes at d in such a vertical casting is 
to have a feeder leading down to ^, as indicated by the 
dotted part g^ if this is practicable ; but this is seldom pos- 
sible in ordinary work. It should also be borne in mind 
that if the feeder^ is to be effective in preventing holes d^ 
this feeder must be larger than the section ^, so that the 
feeder and its inlet h will be the last to solidify. 

Another example of a shrink hole may be seen at the 
upper end of the vertical casting shown in Fig. 57. Here 
the riser head/*, used chiefly to receive the dirt, has an area 
at a larger than at any other portion of the section. A 
study of Fig. 56 should make it clear why shrink holes are 
formed at a^ Fig. 57. To prevent the formation of such holes, 
perfect feeding is required. If the feeding is omitted, then 
the section at /"should be enlarged to a thickness equal to 
that of the casting measured on the line mm\ this would 
%\v^ us a slnkflns head, like that shown by the dotted line n^ 
4 inches thick instead of the original 2 inches. By having 
a sinking head 4 inches thick, it will be self-feeding, so that 
instead of the holes being at a^ we shall find them higher 
up, at b. The principle involved in this scheme of self-feed- 
ing is illustrated, also, in Figs. 58 and 59. Here is shown 
a roll supposed to be cast on end. Some molders, to save 
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iathe work or labor in cutting off feeding heads from such 
castings, will place feeders as seen at f, coming down to a 
neck, as at g, and then feed the casting with churning rods 
and an occasional pouring of hot iron into the feeding head. 





±J 


! 





Instead of depending on care, judgment, and skill in feed- 
ing such castings, some molders avoid the neck at g and 
simply carry the casting up straight, and have it appear as 
in Fig. 50. After these molds are cast, the upper end is 
covered with blackening to prevent heat escaping, and then 
the extra length of the casting used fiir a sinking head is 
kept full of metal, by occasional pouring as it shrinks away. 
After the casting is cold, the extra length provided for a 
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sinking head is cut off. The length of the sinking head 
from a to d, in some cases, ranges from 2 to 3 feet in 
order to insure the body of the casting below the level of b 
being perfectly solid. A great many founders cast hydraulic 
cylinders, rolls, shafts, cannon, etc., on this plan, having 
learned from experience tliat this is the best way to obtain 
castings free from shrinkage defects. 



8HRINKAGB AND CONTRACTION. 

65. The actions of ** shrinkage " and of ** contraction ** 
are distinct in their nature, and are separated by the act of 
expansion that takes place at the moment of solidification. 
As will have been gathered from the last few articles, 
shrinkage is that property of the metal when liquid that 
causes it to decrease in volume while cooling, until the mo- 
ment it becomes solid. At the moment the iron becomes 
solid there is a slight expansion, but as it is much less than 
the previous shrinkage it is rarely noticeable, especially in 
large castings. After iron has solidified, it commences to 
decrease in dimensions until it reaches the temperature of 
the atmosphere; this is contraction. When discussing 
the practical work of founding, the ground is cleared and 
discussions simplified by making the above distinction. 
Light-work molders and founders not having to make 
heavy castings, in which the greatest shrinkage is dis- 
played, are very apt to confound shrinkage with contraction. 
Nevertheless, they are two separate actions and should be 
recognized by distinctive terms. 



FEEDING THE MOLD. 



IMPORTANCE OF PROPBR FEEDING. 

66. Feeding can be properly done in many cases with- 
out the use of large feeding heads — which are often very 
costly to remove from the casting. Many molders think that 
as long as a casting has a feeder, no matter how small its 
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size, that is all that is necessary. The man that thoroughly 
understands the principle of feeding will proceed with 
discretion in placing such feeders as shown in Figs. tlH 
and 59. If he has a feeder like that in Fig. 58, he knows 
that great care and skill must be used in order to get a 
sound casting. In contrast to this, it is no uncommon 
thing to see a molder using a feeding head that will solidify 
almost as soon as the mold is poured, although the casting 
underneath the feeder may remain in a fluid state from 15 to 
30 minutes. Such castings would be better without any 
feeder, as by a small feeder a molder can draw out more iron 
than he puts in. Whenever a feeder is used, it should be 
sufficiently large to permit of feeding the body of metal 
below it as long as the latter remains in a fluid state. Some 
molders can accomplish this by means of a smaller feeder 
than can others, although the difference in size may not be 
great. 

Usually, the greatest difficulty in feeding is to keep the 
smaller sizes of feeding heads open. A head from 2 to 3 inches 
in diameter should be kept open from 10 to 15 minutes; and 
the molder should be careful not to use too large a feeding 
rod. Sometimes a molder will take a }-inch round, cold 
iron rod and use it in a 2-inch feeder; the result is that the 
cold rod chills the liquid metal the moment it is inserted, 
and being nearly the size of the feeder, the chilling rarely 
permits the removal of the rod. 



FBBDING HBADS. 

67. For a 2-inch feeder the diameter of the feedlngr 

rods should not be more than f inch. For a 3-inch to 4-inch 
feeding head, a ^-inch rod will work well. For 4-inch to 
6-inch feeders, f-inch to f-inch rods will work nicely. In 
all feeding heads above 6 inches in diameter, rods from 
f inch to 1 inch in diameter can be used. Before being 
inserted into a feeder, the rod should always be well heated 
in a ladle of hot metal, so as to prevent its chilling the 
metal in the feeding -head; the metal in this head is 
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generally dull on account of its having flowed upwards from 
the bottom to fill the feeder. When placing a rod into a feed- 
ing head, it should pass through the head and enter the 
casting to a depth that will insure hot iron being fed into 
the part that is going to shrink. Too many molders push 
the feeding rod no deeper than the bottom of the feeding 
head; some do this through ignorance and others to get rid 
of a hot job quickly. In the ordinary molds, one should, on 
inserting the feeding rod r. Fig. 60, be careful to pass 
it down. gently until it is felt to strike the bottom of the 
mold, and then to draw it up a few inches, as shown at b, 



so as not to make a lump on the casting at a. After the 
feeding rod has been raised off the bottom, it should be 
worked up and down through a distance of 3 to 5 inches, 
according to the character of the mold, observing to keep it 
near the outer sides of the feeding head /", as at c. 

HOT IRON FOR FBEnlNG. 

68. In using feeding rods, care should be taken to have 
plenty of hot metal in order to keep the feeder open, so 
that the metal in the feeding head may be as fluid as that in 
the casting below the head. There is altogether too much 
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disregard of this important point, and one may often see 
molders in difficnlty from the start for want of hot iron to 
keep the feeding heads open. Where one has hot metal 
when necessary, feeding should be continued until the 
gradual solidification of the casting from the bottom up- 
wards has pressed the feeding rod up to the lower edge of 
the feeding head. This stage reached, hot metal should be 
poured into the feeder while the feeding rod is being gradu- 
ally removed. Any one feeding in this manner will obtain 
a solid casting. 

Fig. 01 shows a molder in the act of feeding a mold 
and a second person pouring hot metal out of a hand ladle 



to keep the feeder open and supply the shrinkage of metal 
in the casting. 

VSK OP LARGE FEEDERS. 

69. Often with feeders over 8 inches in diameter, one 
will not need to insert a feeding rod for quite a time after 
the mold has been poured, for the reason that the iron does 
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not commence to shrink until it is approaching the point 
of solidification, which is not until the metal in contact 
with the walls of the mold or core has cooled down con- 
siderably. 

Many molders when feeding large heads like that in 
Fig. 58 cover the metal in the feeding head with dry black- 
ening or charcoal dust as soon as the mold is poured, to 
keep the heat from escaping, and then pour in hot metal 
occasionally, as the feeding head settles. This may be con- 
tinued in large feeders (over 12 inches diameter) from 30 to 
60 minutes, or as long as it is safe to do so, this being de- 
termined by occasionally passing a hot feeding rod into the 
casting and observing whether any metal sticks to it when 
pulled out. When iron commences to stick, it is time for 
the molder to put in the feeding rod for constant and care- 
ful operation, or until it is driven upwards and out of the 
casting by the solidifying metal, as alrfeady described. 



FBBDING RODS. 

70. In feeding heavy castings, there should be several 
feeding rods on hand, a few of them smaller than the ones 
generally used, so that if one rod becomes badly clogged, 
it can be removed and a clean one used. Feeding rods may 
often be kept from becoming clogged by tapping them 
lightly with another rod held in the hand, as shown in 
Fig. 61. This jars off the metal that clogs the rod, and as- 
sists in keeping the feeding head open until the casting has 
solidified. The partially solidified iron that is jarred off the 
feeding rod can be worked into the casting; this takes it out 
of the way of the feeding and still benefits the casting by 
helping to cool the metal. With very large feeding heads, 
it is sometimes a good plan to use a small iron scoop and dip 
out the dull metal in the head for a depth of about C inches 
and replace it with hot metal direct from the cupola, which, 
after being poured, can be churned up and down with the 
feeding rod to open the feeding head, and so obtain a good, 
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clean hole to continue ihe feeding. To be able to keep a 
feeding head open until the solidifying metal drives the rod 
out of the casting is an operation requiring skill on the part 
of the molder. 



SNAP FLASKS. 

71. A very large number and variety of small light 
castings are made in what are called snap flasks. For 



Fig. ai. 
common use on the bench, these flasks range from 10 to 
IG inches square, if of the form shown in Fig. 63, and from 
10 to IC inches in diame- 
ter, if of the form shown 
in Fig. 63; for ramming 
molds on the floor, larger 
sizes are used. Snap flasks 
may also be oblong or of 
any other shape desired. 
Those shown in Figs. C2 
and 63 are constructed 
with clasps and hinges, 
'''"■ **■ as seen at jt and 7, so 

that they can be opened and removed from the outside 
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of the mold without breaking it; this permits of one flask 
being used to make any number of molds. It is chiefly 
molds that have little side pressure when being poured that 
are cast in snap flasks; for when the flask is removed from 
the mold (leaving it as in Fig. 69), there is little to prevent 
the pressure of the fluid metal from bursting the mold out- 
wardly. To prevent snap-flask molds bursting, the molder 
can place them against one another in rows of ten or more, 
and then bank up 4 or 6 inches of sand against the outside 



of the molds in the outer rows, as at d, Fig. 64. If the bot- 
tom boards stick out, as at r, or the cope has lifting ridges, 
as shown at a, sand must be rammed around all the sides not 
facing the outside, as at d, to prevent bursting. Where there 
are only a few molds on the floor that are liable to burst when 
cast, some molders when ramming the nowel place loose rings 
of round or fiat iron in the sand to strengthen the mold, as 
at b, Fig. 64. In this illustration, a weight is shown on the 
flask at w, the weight being of the form shown in Fig. 45. 



BENCH MOLDING. 

ITS ADVANTAGES. 

72. In order to save time and labor in making some 
kinds of small castings, benches of the form seen in Fig. 65 
are used. There are many firms that make a specialty of 
bench molding with snap flasks only. The workmen are 
called bencb molders. Some bench molders will make 
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from 75 to 100 molds per day, according to the size of Ihe 
flask and the character of the pattern used. There is little 
skill involved in bench molding compared to that necessary 
in floor work. The chief skill involved in bench molding 
generally lies in getting up the pattern and mold board. 
In some cases, a dozen or more patterns may be attached to 
a plate or pattern board, and the whole flnished in such 
a manner that as soon as the plate is withdrawn from the 
mold, the cope can be put in place. While there are 



many founders making a specialty of bench molding only, 
there are many large foundries that could utilize benches 
and snap flasks for making some of their very light castings, 
instead of molding them on the floor after the manner of 
heavy work. Not only are benches used for convenience 
in ramming up snap flasks, but also for the ordinary scnat) 
wooden and iron flasks, ranging from 13 to 14 inches, 
square or round. When molding light work upon a bench, 
the molder can take a convenient position while at work. 
Also, his tools are always at hand and ready for use, as 
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63 



seen in Fig. 65, where the sieve, strike, dry brush, sponge 
and swab pot, blackening or flour bag, parting sand, and 
place for his rammer are marked ^, by r, d^ e^ y, and g^ re- 
spectively; his trowel and other finishing tools can also be 
kept at hand. Such an arrangement of the ramming bench, 
with shelving on both sides, allows all tools to be within 
convenient reach and provides a place for everything nec- 
essary in ramming and finishing these molds. 




Pig. m. 



RAMMING BBNCH FLAHKS. 

73. In ramming flasks on the bench, two wooden ram- 
mers, shown in Fig. 66, are generally used, one in each hand, 
after the manner seen in Fig. 65. In ramming such flasks, 
the nowel especially should be 
peened very solidly around the 
outer part of the mold, so as to 
give as much strength as prac- 
ticable, to withstand the side 
pressure of the metal on the 
mold when it is poured. In 
using a rammer in each hand, 
as shown, one should be as 
effective as the other; this requires practice, as in the case 
of a man learning to shovel both right- and left-handed. 
After the molder has peened around the outer portion of the 
mold, the rammers are changed end for end, so that the butt 
can be applied to finish the ramming. The butting done, 
a strike is used to level off the nowel, ready for the bottom 
board. This is rubbed down to a good solid bearing and 
removed for the purpose of venting, if such is necessary, 
after which the board is returned and the whole rolled over 
without the use of clamps, the molder holding the boards in 
place, as seen in Fig. 67. The nowel having been rolled 
over and the joints made, the cope is then rammed up, lifted 
off, and set upon the shelf, as seen at //, Fig. 68. When the 
patterns are drawn and the mold finished, the cope is re- 
placed. In Figs. 65 and 68, to show clearly what the molder 
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is doing, he is shown standing to one side of the bench 



instead of in front — the latter being the proper position 
when raniminii: or drawing a pattern. 



g 36 FOUNDRY WORK. 85 

USING SNAP FLASKS. 

74. The flasks having been closed, the clasps at x. 
Fig. C2, are unhinged and the cope and nowel then re- 
moved and placed upon the shelf at the left of the ram- 
ming b«nch, ready for making the next mold. The mold 
is now picked tip and carried to its place, as shown in 
Pig. 69. In placing the first molds on the floor, they are 



Pic. bo. 
carried away as far as necessary in order to have the floor 
contain the day's work, and sufficient room is left between 
the bench and the nearest row of molds to cast them. In 
setting the molds, they should be placed nearly level and as 
close together as they can be, and then in starting to pour 
them, those in the front row near the bench are cast first. 
It generally requires two men to "pour off " a floor. As each 
row is poured off, the molder's assistant first changes the 
weight If, Fig, G4, to the next row, and then pulls back the 
row that was poured to leave room for the molder to go 
between the rows, this process being continued until all the 
rows are poured off. The pouring having been finished, the 
molder starts at the front and picks up each flask and carries 
it to the space for the sand pile near the ramming bench. 
The bottom boards are piled close by the bench and the 
castings are pulled from the sand with tongs and placed on 
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one side in a pile. Occasionally, in shaking out, the moider 
sprinkles the hot sand with water, so that it may be in good 
shape for tempering the next morning. 



MODERN SHOP EQUIPMENT. 

75. The two items to which attention is directed in 
up-to-date establishments is the use of poMrer (other than 
hand) and the adoption of molding machines. 

In heavy-work foundries, the advance has been chiefly in 
the direction of securing shops well arranged, lighted, and 
ventilated, and the installation of power cranes — operated by 
electricity, steam, or compressed air — by which one man can 
often do the work of a dozen. Also elevators are used to 
raise the stock to the cupola instead of carrying it in wheel- 
barrows as formerly, power screens and riddles for preparing 
the sand, and pneumatic rammers for work on large molds. 

In light-work foundries, the molding machine is playing 
an important part in reducing the cost of production. These 
machines have not replaced hand work entirely, but they, 
are gaining ground. They are made in a great variety of 
styles, to suit different kinds of work, and are run either by 
hand or power. As a rule, they produce exact copies of the 
pattern in work for which they are adapted. They generally 
save from one-fourth to one-half of the molding labor that 
would be incurred if made on the bench or floor by hand. 
These machines save labor chiefly in ramming the sand; 
much of the other work is the same as it would be without 
the use of a machine. Some machines, however, have ap- 
pjiances that mix and carry the sand to the flask, leaving 
the moider only the work of placing and carrying away the 
flask, together with a little finishing of the mold and set- 
ting of the cores. 

The five views in Fig. 70 will without further explana- 
tion give an idea of hand molding machines. 

Fig. 71 is from a photograph; it shows the character of 
casting that can be made on a molding machine, and also 
the number that can be made in a flask on one gate. 
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Not only have machines and mechanical appliances been 
helpful in light-work foundries, but also for heavy work 
there are devices that are of much assistance in producing 
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greater quantity and better quality of work than could be 
obtained with hand labor alone. There are few modern 
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shops that are not using some improvements designed for 
their specialties, which have demonstrated their value. 

In cleaning castings, appliances such as tumbling barrels, 
pickling baths, emery wheels, sand blasts, and pneumatic 
chippers are now being largely used as improvements over 
old methods. While one could continue to enumerate special 
labor-saving devices adopted for special jobs, it is never- 
theless true that the greatest improvement in quality and 
quantity in the production of castings has been due to 
specializing in certain lines of work; the founder studies to 
fit up specially for the production of this work and also takes 
advantage of the constantly increasing proficiency of his 
workmen, who naturally improve from day to day when 
restricted to the same kind of mold. The molder who can- 
not without extra exertion improve in quantity and quality 
by constant application to one job is a very poor type of 
workman. 



PROTECTING THE MOLD AGAINST FUSING. 



COMPOSITION OF SAND AND OP PROTBCTIVB 

MATERIAL. 

76. In order to obtain a smooth surface on the casting, 
it is essential that the sand forming the face of the mold 
should be well tempered and sieved and — for a large class 
of work — be mixed with some protective material to 
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keep the sand from fusing. Molding sands are composed 
of silica, with small quantities of lime, oxide of iron, potas- 
sium, and magnesia. The three latter elements are easily 
fused; they combine with the silica to form silicates or a 
kind of glass that, on heavy castings, may form a scale 
varying in thickness from yj^^ inch up to ^ inch, if the face 
of the mold is not protected with some non-fusible material. 
The face of the mold may be protected by mixing finely 
ground sea coal with the sand, or by facing the mold with 
blackening. In some cases a facing sand containing sea coal 
is used, and this surface is covered with blackening. 

Sea coal in America is obtained chiefly from the Youghi- 
ogheny River and Cumberland districts and is selected for 
its gaseous qualities and freedom from slate and sulphur. 
In addition to mixing sea coal with the facing sand, the sur- 
faces of molds are often covered with what is called black- 
ening or lead. Slackenings and leads consist chiefly of 
carbon, the other ingredients being alumina, silica, lime, and 
iron ; the less of these latter elements present, the more in- 
tense heat the blackenings and leads will stand before fusing. 
The cheaper blackenings are composed chiefly of Lehigh 
coal, coke, gas-house carbon, and charcoal, with the addition 
of various minerals that contain little or no lead. These 
blackenings when ground to a powder lack cohesion, and, 
therefore, they are apt to float or wash before the flow of 
iron when the mold is being poured. To guard against 
this, various minerals or clays are ground in the blacken- 
ings to give them cohesion. The finer the pure coke or car- 
bon is ground, the more cohesion will it possess; and when 
ground very fine, the cohesion may be sufficient to hold the 
material together without the use of any bond. Lehigh 
blackenings are made by grinding to a dust fine qualities 
of Lehigh coal. Coke blackenings are made from good 
grades of coke, selected from a grade having the highest 
fixed carbon, which at times runs as high as 90 per cent. 
Gas-house carbon being practically a pure carbon, makes 
excellent blackening; but, on account of its being a difficult 
material to grind and bolt, it is not in much favor with 
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blackening manufacturers. Charcoal, in order that it may 
make a good blackening, requires to be made from some 
hard wood, as hard maple, and to be carefully burned. Soft 
or stringy-grained wood is not well adapted for making 
charcoal blackenings. 

Graplilte is recognized as being the most non-fusible 
material used for blackening. The best grade of imported 
graphite comes from the island of Ceylon. In its crude state 
it looks like bright chips of burnished silver, from which fact 
it is commonly called silver lead. This grade of graphite is 
not only very valuable for mixing with blackenings intended 
for green-sand, dry-sand, and loam work, but it is also good 
to dust in a dry state over the surface of molds, as it assists 
in sleeking the mold and peeling the casting. Of recent 
years, graphite has been extensively used in many foundries. 
In putting it on a mold, many molders use camel's-hair 
brushes, while others will shake it out of a bag, as seen in 
Fig. 34, or throw it on by hand. High grades of graphite 
excel all other blackening in peeling a casting and giving 
it a fine, smooth face, and bright color. Some grades of 
graphite are procurable in this country. North Carolina 
produces some graphite, but it is mixed largely with clay 
and other foreign substances. Graphite is also found in 
eastern Pennsylvania and Tennessee, but the best grade 
comes from Ticonderoga, New York. 



PREPARING THB FACING SAND. 

77. Percentage of Sea Coal. — As a rule, the heavier 
the casting, the more sea coal is required in the facing, the 
limit being 1 part of sea coal to G parts of sand. If more sea 
coal than this is used on any casting, it is very liable to 
make the surface streaked or veined, especially in heavy 
work; although where the molds are heavily coated with 
good graphite, or are poured with dull iron, this will hot 
be so pronounced. Facing sand, if made too strong in sea 
coal, will prevent light castings running sharply, and is very 
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apt to cause cold sliutM (this term refers to the condition 
induced when two bodies of fluid metal run together but fail 
to unite), or else make the surface of the casting harder than 
if a weaker facing had been used ; this is due to the gas that 
sea coal generates when the mold is being poured. This 
gas is liable to create a cushion between the mold and the 
metal ; and the amount of cushioning depends on the speed 
of pouring, the amount of pressure, and the fluidity of the 
metal. Where the facing sands are strong in sea coal and 
the castings are poured **dull,** the metal often becomes set 
before the gas cushions are all destroyed. This has the effect 
of preventing the metal from running into the corners and 
edges of the mold and may also cause cold shuts. Then 
again, these gases may make smooth, concave indentations 
in castings, as seen at «/, Fig. 55. Another effect some- 
times produced by sea coal is the coating of the surface of 
the castings with what might be termed coal soot. How- 
ever, for this to take place to any great extent requires a 
combination of conditions that seldom exists. While the 
objectionable conditions described are usually to be found in 
light- and medium-weight castings, still, heavy castings, 
when poured with dull iron, may also present some of them. 

The proportion in which sea coal is mixed with sand ranges 
from 1 in 20 up to 1 in 6. Castings under f inch in thick- 
ness seldom require any facing sand. Below } inch thickness, 
better and smoother castings (that cannot be poured quickly) 
are often obtained by using common heap sand, well tem- 
pered and sieved finely on the patterns. In general, castings 
from } inch to 1 inch thick require facing sand having 1 part 
of sea coal to 12 parts of sand; above 1 inch and up to 
2 inches, 1 part sea coal to 10 parts sand ; from 2 inches to 
4 inches, 1 part sea coal to 8 parts sand ; all above 3 inches 
in thickness, 1 part sea coal to 6 parts sand. In mixing 
facing sand, some molders use common heap sand, or old 
sand mixed with new in varying proportions, according to 
the strength of the different sands. 

It is not always the thickness of the casting that regulates 
the strength of the facing sand. There are many other 
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things to be considered: (1), whether the casting is to be 
poured with hot or dull iron; (2), the distance of some parts 
of the mold from where the metal enters; (3), the time it 
will take the mold to become filled with iron ; (4), whether 
the metal is running over flat surfaces, and, (5), is covering 
them slowly or quickly. Then again, heavy solid castings 
have become **coId shut " owing to the use of facings that 
were weak in proportion to the thickness of the casting, 
caused by the slow rising of the metal in pouring the cast- 
ing. Strong facings on the sides of a mold, where the iron 
runs in and rises slowly, may easily cause heavy castings to 
be **cold shut.*' Again, the square corners of castings 
should, generally speaking, have weaker facings on them 
than the straight plain surfaces, and the lower parts of high 
molds should have a stronger facing than the upper portion; 
since, if the strong facing suitable for the lower portion 
were used at the upper, the casting at the upper part would 
be curly or partly cold shut at the surface, owing to the 
dulness of the metal when it reached the upper portion of 
the mold. A new sand without mixture will require more 
sea coal than if it were mixed with old or common heap 
sand. 

Where molds are long in preparation, or are to withstand 
rough usage in drawing the patterns, it is best, if there are 
no conditions prohibiting it, to use new sand in mixing the 
facings. For copes covering heavy castings, it is best to use 
all new sand. For light-work copes that cover flat surfaces 
it is best, when the new sand is strong, to use some old sand 
with it — in equal proportions sometimes. 

78* Thorouffli Mixing Necessary. — It is not un- 
common to find castings streaked, veined, cold shut, or not 
peeled, because the sea coal in the facing had not been 
thoroughly mixed with the sand. When castings are very 
massive, as great a percentage of sea coal as possible is 
mixed with the sand, in order to peel the casting. Much 
more sea coal can be added to some sands by thorough 
mixing than would be otherwise possible. In some cases it 
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may be possible to mix facings for massive castings with as 
high a proportion as 1 part of sea coal to 5 parts of sand, 
providing the sea coal is thoroughly mixed with the sand. 
A good way to mix facing sands thoroughly is to tramp 
them with the feet for from 2 to 4 cuttings or ** turnings 
over " of the sand, and then at the last cutting to riddle it 
through a ^-inch riddle and then through a ^-inch one, and 
finally through the sieve before applying it to the face of the 
pattern. In cutting the sand, it should be well scattered, as 
shown in Figs. 2 and 3, Foundry Work, Part 1. 



FOUNDRY WORK. 

(PART 3.) 



CORE MAKING. 



GRBBN-SAND, DRY-SAND, AND LOAM CORBS. 

!• Cores are bodies of sreen-sandy dry-sand, or 

loam, generally made separately from the molds and placed 
in them to form such interior openings or holes in the cast- 
ings as cannot be economically or safely formed directly 
with the pattern. It generally requires greater experience 
and skill to make cores in green sand than it does in dry 
sand. 

2. The cores for many castings can advantageously be 
made of green sand, especially when a large number of cast- 
ings must have their core sections uniform in size. This 
will be better understood when it is considered that dry-sand 
cores, especially large ones, are liable to sag or change their 
shape in drying the sand, whereas green-sand cores remain 
the size of the box in which they were made. Another ad- 
vantage of green-sand cores lies in their permitting the ma- 
king of thinner castings of pipes, etc. than can be made with 
dry-sand cores, especially in the larger sizes. Where there is 
danger of the gates cutting or scabbing, or where the cast- 
ing is massive in its proportions, it is safer, as a rule, to use 
dry-sand or loam- work cores; this is also true of intricate 
shapes, or when it is difficult to vent a core. 
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